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Foreword 


The  Air  Force  Geophysics  Labora- 
tory (AFGL)  Report  on  Research  is  a 
continuation  of  a series  published  by 
AFGL’s  predecessor  organization,  the 
Air  Force  Cambridge  Research  Labora- 
tories (AFCRL).  The  Air  Force  redesig- 
nated AFCRL  to  AFGL  on  January  15, 
1976,  in  order  to  focus  attention  and 
effort  into  geophysics  research  and 
exploratory  development. 

The  report  reflects  the  strength  and 
breadth  of  the  AFGL  scientific  program 
in  geophysics  and  its  satisfaction  of  Air 
Force  technological  and/or  system  needs 
for  geophysics  R&D.  It  is  written  for 
DOD  managers  of  research  and  develop- 
ment as  well  as  the  scientific  community. 
It  is  a biennial  report  and  documents 
progress  and  on-going  programs  during 
the  period  July  1974  through  June  1976. 
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The  Air  Force  Geophysics  Laboratory 
came  into  being  on  January  15,  1976,  by 
redesignation  of  its  predecessor,  the  Air 
Force  Cambridge  Research  Laboratories. 
This  change  reflected  the  Air  Force 
policy  of  naming  organizations  according 
to  their  mission,  and  was  made  possible 
when  the  Microwave  Physics  Division, 
the  Solid  State  Sciences  Division,  the 
Electromagnetic  Environment  and  Ion- 
ospheric Radio  Physics  Branches  of  the 
Ionospheric  Physics  Division,  and  the 
Laser  Physics  Branch  of  the  Optical 
Physics  Division  were  transferred  from 
AFCRL  to  the  Rome  Air  Development 
Center,  becoming  kADC’s  Detachment 
1,  the  Deputate  for  Electronic  Technol- 
ogy. The  remaining  personnel  and  pro- 
grams at  AFGL  are  now  devoted  to  ex- 
ploratory and  advanced  development  in 
those  areas  of  geophysics  which  will 
meet  known  and  anticipated  military 
requirements.  This  report  describes  the 
programs,  activities,  and  accomplish- 
ments of  the  organizations  now  compris- 
ing the  Air  Force  Geophysics  laboratory 
for  the  period  July  1,  1974  to  June  30, 
1976. 

AFGL  conducts  technical  programs 
covering  a broad  spectrum  of  disciplines 
in  the  environmental  sciences.  It  is  an  in- 
house  laboratory  with  a professional 
staff  of  more  than  300  scientists  and 
engineers.  Its  in-house  programs  are 
augmented  by  research  conducted  in 
universities  and  industry  under  contracts 
funded  by  the  Air  Force  Office  of 
Scientific  Research  (AFOSR).  The  pro- 
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grams  of  AFGL  are  summarized  in  the 
mission  statement:  Conducts  research, 
exploratory  and  advanced  development 
in  those  areas  of  the  environmental  sci- 
ences offering  the  greatest  potential  to 
the  continued  superiority  of  the  Air 
Force’s  operational  capability;  partici- 
pates in  establishing  advanced  technolo- 
gies whose  exploitation  will  lead  to  new 
Air  Force  capabilities. 

Organization  and  People:  AFGL  is 
one  of  10  laboratories  under  the  Direc- 
tor of  Science  and  Technology,  Head- 
quarters, Air  Force  Systems  Command, 
at  Andrews  AFB,  Maryland.  When 
AFCRL  was  merged  into  the  Air  Force 
Systems  Command,  the  move  was  in- 
tended to  focus  its  research  and  develop- 
ment activities  more  directly  on  evolving 
Air  Force  systems,  technology,  and  re- 
search requirements.  AFCRL’s  efforts 
had  been  coupled  with  both  immediate 
and  long-range  Air  Force  needs,  and  a 
firm  and  extensive  data  and  technology 
base  was  developed.  Continuing  pressure 
on  the  Air  Force  budget  resulted  in  a 
need  to  utilize  the  available  expertise  in 
solving  user-command  problems,  concen- 
trating on  those  areas  where  technology 
can  have  the  most  rapid  impact  on  the 
operational  Air  Force.  When,  in  the  sum- 
mer of  1974,  manpower  restrictions 
were  added  to  the  budget  restrictions,  it 
was  decided  to  change  the  mission  of  the 
organization.  The  previous  mission,  con- 
centrating primarily  on  basic  research, 
was  to  be  changed  to  one  concentrating 
primarily  on  exploratory  and  advanced 
development.  AFOSR  would  fund  basic 
research,  giving  most  of  the  money  to 
universities.  In  the  early  1960’s  about  70 
percent  of  the  Air  Force  basic  research 
funds  went  to  universities,  but  attempts 
by  research  managers  to  preserve  pro- 
gram continuity  and  stability  of  employ- 
ment had  caused  more  and  more  basic 
research  money  to  be  spent  on  in-house 
research  programs.  The  manpower  reduc- 
tions imposed  on  the  Air  Force,  while 


The  AFGL  laboratory  complex  is  located  17 
miles  west  of  Boston  at  Hanscom  AFB, 
Massachusetts,  where  it  is  a tenant  of  AFSC’s 
Electronic  Systems  Division. 


extremely  unpleasant,  were  seen  as  an 
opportunity  to  re-establish  the  original 
funding  ratios,  while  focusing  in-house 
efforts  even  more  sharply  on  the  most 
immediate  needs  of  the  Air  Force. 

To  execute  this  policy,  the  Depart- 
ment of  Defense  announced  111  realign- 
ments, on  November  22,  1974.  Included 
in  this  announcement  was  one  directing 
that  the  geophysics  research,  then  being 
conducted  at  the  Air  Force  Cambridge 
Research  Laboratories,  be  transferred  to 
Kirtland  AFB,  New  Mexico,  and  that 
civilian  employment  be  reduced  by  200 
positions.  Reaction  to  the  proposed 
move  was  immediate  and  vocal,  with  a 
letter-writing  campaign  to  the  Massachu- 
setts congressional  delegation,  and  lobby- 
ing by  the  employees’  union  against  both 
the  move  and  the  cutback.  Two  special 
select  committees  were  formed  by  the 
Air  Force,  one  to  study  the  merits  of 
transferring  half  of  the  Rome  Air  Devel- 
opment Center  to  Hanscom  AFB  (the 
other  half  was  to  go  to  Wright-Patterson 
AFB,  Ohio)  and  the  second,  to  study  the 
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need  for  geophysics  research  in  the  Air 
Force  and  where  it  should  be  performed. 
This  issue  was  finally  resolved  by  the  de- 
cision of  Air  Force  Secretary  John 
McLucas  on  August  15,  1975,  not  to 
move  either  the  Rome  Air  Development 
Center  or  the  Air  Force  Geophysics  Lab- 
oratory. However,  the  200-position  re- 
duction on  civilian  personnel  was  made 
effective  June  30,  1976.  The  previous 
two  reductions,  in  1972  and  1974,  had 
totaled  157  positions. 

This  reduction  in  authorized  civilian 
manpower  required  a number  of  actions. 
The  Sacramento  Peak  Solar  Observatory 
was  abolished  as  a separate  Division,  the 
facilities  given  to  the  National  Science 
Foundation,  and  the  employees  paid  by 
the  Air  Force  reduced  from  45  to  7.  The 
Boundary  Layer  and  Aerosol  Interac- 
tions Branches  of  the  Meteorology  Divi- 
sion, the  Spectroscopic  Studies  Branch 
of  the  Optical  Physics  Division,  the  Wave 
Propagation  Branch  of  the  Terrestrial 
Sciences  Division,  and  the  Polar  Atmos- 
pheric Processes  Branch  of  the  Space 
Physics  Division  were  abolished  com- 
pletely. The  Chemical  Physics  Branch  of 
the  Aeronomy  Division  was  reduced 
from  15  to  5 people  and  made  apart  of 
the  Composition  Branch.  The  rest  of  the 
reductions  were  taken  by  small  reduc- 
tions on  other  areas  and  in  Research 
Services. 

Other  consolidations  not  directly 
caused  by  the  reduction  in  force  were: 
The  Spectroscopic  Studies  Branch  of  the 
Aeronomy  Laboratory  was  merged  into 
the  Ultraviolet  Radiation  Branch;  Detach- 
ment 3 of  the  Aerospace  Instrumenta- 
tion Division  at  Chico  Municipal  Airport, 
California,  was  abolished,  and  its  person- 
nel, all  military,  were  transferred;  and 
the  Energetic  Particles  Branch  of  the 
Space  Physics  Division  was  merged  into 
the  Geomagnetism  Branch;  and  the  Ion- 
ospheric Physics  Division  was  abolished, 
two  branches  transferred  to  RADC,  and 
the  Ionospheric  Dynamics  and  Trans- 


Ionospheric  Propagation  Branches  incor- 
porated into  the  Space  Physics  Division. 

Six  Divisions  now  comprise  the  Air 
Force  Geophysics  Laboratory:  the  Aer- 
onomy Division,  Aerospace  Instrumenta- 
tion Division,  Meteorology  Division,  Op- 
tical Physics  Division,  Space  Physics 
Division,  and  the  Terrestrial  Sciences 
Division.  In  addition,  AFGL  operates  a 
small  West  Coast  Office  to  focus  AFGL 
support  to  the  technology  requirements 
and  system  development  efforts  of  the 
AFSC  Space  and  Missile  Systems  Organi- 
zation (SAMSO),  near  Los  Angeles. 

The  main  AFGL  laboratory  complex 
is  located  at  Hanscom  AFB,  Bedford, 
Massachusetts,  20  miles  west  of  Boston. 
At  Hanscom  AFB,  AFGL  is  a tenant  of 
the  Electronic  Systems  Division  of  the 
Air  Force  Systems  Command. 

Colonel  Bernard  S.  Morgan,  Jr.,  com- 
manded AFGL  during  this  entire  report- 
ing period,  having  assumed  command  in 
January  1974.  Colonel  Donald  R. 
Wippermann,  who  had  been  Vice  Com- 
mander since  July  31,  1973,  retired 
shortly  after  the  end  of  the  reporting 
period,  on  October  1,  1976.  He  was 
succeeded  by  Colonel  Chester  G.  R. 
Czepyha. 

In  June  1976,  83  AFGL  employees 
held  the  doctor’s  degree,  115  held  mas- 
ter’s degrees,  and  133,  bachelor’s  degrees. 
AFGL  scientists  are  active  in  their  re- 
spective professional  societies.  One  sci- 
entist served  as  Editor  of  Applied  Optics 
during  the  reporting  period.  Another  was 
the  Alternate  U.  S.  Delegate  to  the  Solar- 
Terrestrial  Physics  Group  of  the  Pan- 
American  Institute  of  Geography  and 
History.  Other  AFGL  scientists  served  as 
Associate  Editors  and  referees  for  vari- 
ous professional  journals,  served  on  pro- 
fessional committees,  and  chaired  pro- 
fessional meetings  and  symposia. 

Examples  of  this  type  of  activity  in- 
clude the  Chairman  of  Working  Group  4 
of  the  Committee  on  Space  Research, 
Chairman  of  the  International  Radia- 
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More  than  half  of  the  629  AFGL  personnel 
are  scientists  or  engineers.  Of  these,  80  have 
received  the  Ph.  D degree. 


tion  Commission’s  Working  Group  on  a 
Standard  Radiation  Atmosphere,  and  the 
Commander,  who  served  on  the  editorial 
boards  of  the  Journal  of  Dynamic  Sys- 
tems, Measurement  and  Control,  and 
Computers  in  Mathematical  Sciences 
with  Applications. 

During  the  two  years  covered  by  this 
Report,  AFGL  sponsored  two  scientilic 
conferences.  AFGL  scientists  and  engi- 
neers authored  236  articles  in  scientific 
and  professional  journals,  presented  306 
papers  at  technical  meetings,  and  wrote 
129  in-house  reports.  These  publications 
and  presentations  arc  listed  at  the  con- 
clusion of  each  division  chapter.  The 
solar  physics  and  ionospheric  physics 
efforts  remaining  in  AFGL  were  trans- 
ferred to  the  Space  Physics  Division; 
therefore,  the  publications  and  presenta- 
tions in  these  disciplines  are  also  listed 
following  the  Space  Physics  chapter. 

Annual  Budgets:  The  annual  budgets 
for  the  two  years  covered  in  this  report 
are  shown  in  the  accompanying  tables. 
The  totals  cover  salaries,  equipment, 


travel,  supplies,  computer  rental,  service 
contracts,  and  those  funds  going  into 
contract  research.  The  largest  expendi- 
ture is  for  salaries,  which  accounted  for 
more  than  $22  million  of  an  annual  budg- 
et of  $60.18  million.  The  annual  budg- 
et increased  from  $56  million  in  FY- 
1974  to  $57  million  in  FY-1975  and  to 
$60  million  in  FY-1976. 

Funds  received  from  AFGL’s  higher 
headquarters,  the  AFSC  Director  of  Sci- 
ence and  Technology  (DL),  and  to  a 
lesser  extent,  those  received  from  AFSC 
organizations  other  than  DL,  are  used  to 
conduct  continuing  programs. 

AFGL  receives  support  from  the  Elec- 
tronic Systems  Division,  the  host  organi- 
zation at  Hanscom  AFB,  in  accounting, 
personnel,  procurement,  security,  civil 
engineering,  and  supply  to  the  labora- 
tory complex.  Holloman  AFB,  New 
Mexico,  provides  services  to  the  AFGL 
Balloon  Detachment.  AFGL  provides 
support  to  RADC’s  Dcputate  for  Elec- 
tronic Technology  (ET)  in  the  areas  of 
the  Research  Library,  laboratory  mate- 
rials needed  for  the  ET  mission,  com- 
puter, technical  photography,  mechani- 
cal and  electrical  engineering  of  labora- 
tory layouts,  electronic  instrumentation, 
and  woodworking. 

A significant  portion  of  the  overall 
budget  was  spent  for  contract  research. 
Of  the  $60.18  million  FY-1976  budget, 
$12.75  million  was  devoted  to  contract 
research.  As  of  June  30,  1976,  AFGL 
had  210  contracts  in  effect.  Of  these, 
105  were  with  U.  S.  industrial  concerns, 
and  88  were  with  U.  S.  universities.  The 
remaining  17  were  with  foreign  univer- 
sities, research  foundations,  and  other 
government  agencies. 

AFGL  contracts  almost  always  call  for 
work  in  direct  support  of  the  engineering 
and  development  carried  out  within 
AFGL.  They  arc  monitored  by  scientists 
who  are  themselves  active,  participating 
researchers,  and  who  plan  the  research, 
organize  the  program,  interpret  the  re- 
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TABLE  1 

SOURCES  OF  FY-1975  FUNDS 

Air  Force  Systems  Command  - DL 

144,157,000 

Air  Force  Systems  Command  - Other  than  DL 

4,413,640 

Defense  Nuclear  Agency 

4,141,265 

Defense  Advanced  Research  Projects  Agency 

3,697,898 

Army 

419,950 

Defense  Mapping  Agency 

296,696 

Atomic  Energy  Commission 

252,890 

National  Aeronautics  and  Space  Administration 

167,905 

Air  Force  Test  and  Evaluation  Center 

38,500 

Navy 

35,000 

Department  of  Transportation 

33,814 

Air  Weather  Service 

26,000 

Sandia  Laboratories 

20,000 

Air  Defense  Command 

6,500 

TOTAL 

*57,706,428 

TABLE  2 

SOURCES  OF  FY-1976  FUNDS 


Air  Force  Systems  Command  • DL 

*45,010,000 

Air  Force  Systems  Command  - Other  than  DL 

7,208,314 

Defense  Nuclear  Agency 

3,155,000 

Defense  Advanced  Research  Projects  Agency 

2,437,940 

Defense  Mapping  Agency 

1,118,000 

Army 

459,300 

Energy  Research  and  Development  Administration 

358,878 

Navy 

160,755 

National  Aeronautics  and  Space  Administration 

150,825 

Air  Weather  Service 

68,000 

Sandia  Laboratories 

56,698 

Air  Defense  Command 

2,000 

TOTAL 

(60,185,710 

suits,  and  share  the  workload  of  the  at  Holloman  AFB,  New  Mexico.  AFGL 


actual  research. 

Field  Sites:  In  addition  to  the  70  acres 
which  it  occupies  at  Hanscom  AFB, 
AFGL  operates  several  off-base  sites, 
locally  and  at  distani  locations.  The 
largest  local  site  is  the  Sagamore  Hill 
Radio  Observatory  at  Hamilton,  Mass- 
achusetts, which  has  an  84-foot  radio 
telescope  and  several  smaller  telescopes. 
Other  local  sites  are  the  Weather  Radar 
Research  Facility  at  Sudbury,  Massachu- 
setts, and  the  Weather  Test  Facility  at 
Otis  AFB,  Massachusetts. 

AFGL  operates  a balloon  launch  site 


also  maintains  a seven-man  branch  of  the 
Solar  Physics  Division  at  the  Sacramento 
Peak  Solar  Observatory,  at  Sunspot,  New 
Mexico,  which  it  owned  and  operated 
for  approximately  25  years,  but  which 
was  transferred  to  the  National  Science 
Foundation,  as  part  of  the  most  recent 
cutback. 

One  very  remote  station  is  the  Goose 
Bay  Ionospheric  Observatory  at  Goose 
Bay  Air  Station,  Labrador,  where  studies 
of  a variety  of  sub-arctic  events  are  made, 
including  polar  cap  absorption  of  high 
frequency  radio  waves. 
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The  AFGL  Weather  Radar  Facility,  at  Sud- 
bury. Massachusetts,  is  one  of  the  larger  off- 
base  sites.  It  is  used  to  study  possible  new 
ways  to  derive  meteorological  information 
from  radar  observations. 

AFGL  field  programs  utilize  a nurnbei 
of  military  installations  including  the 
Fort  Churchill,  Canada,  rocket  range; 
Fort  Wainwright  and  Kielson  AFB, 
Alaska;  Albrooke  AFB,  Canal  Zone; 
Travis  AFB,  California;  Vandenberg  AFB, 
California,  and  the  White  Sands  Missile 
Range,  New  Mexico.  In  addition  to  these 
military  sites,  AFGL  has  used  other  loca- 
tions on  a temporary  basis.  Commercial 
airports  and  the  Poker  Flat,  Alaska, 
range  are  also  used. 

Research  Vehicles:  From  its  perman- 
ent balloon  launch  sites  at  Holloman 
AFB,  New  Mexico,  and  Chico  Municipal 
Airport,  California  (now  closed),  and 
from  temporary  sites  in  several  other 
locations.  AFGL  launched  111  large  re- 
search balloons  during  the  two-year  per- 
iod. Of  these,  51  were  launched  during 
FY-1975.  In  addition,  27  tethered  flights 
were  conducted.  These  balloons  carried 
test  and  experimental  payloads  for  the 
Space  and  Missile  Systems  Organization 


(SAMSO),  the  Defense  Nuclear  Agency 
(DNA),  the  National  Aeronautics  and 
Space  Administration,  the  Energy  Re- 
search and  Development  Administration 
(ERDA),  the  Army,  and  university  sci- 
entists with  military  contracts.  AFGL 
scientists  themselves,  are,  however,  the 
largest  users. 

Rockets  are  used  to  examine  almost 
every  aspect  of  the  earth’s  upper  atmos- 
phere and  near-space  environment— 
winds,  temperatures  and  densities;  the 
electrical  structure  of  the  ionosphere; 
solar  ultraviolet  radiation;  atmospheric 
composition;  the  earth's  radiation  belts; 
cosmic  ray  activity,  and  airglow  and 
aurora.  The  rockets  most  frequently 
used  have  been  the  Paiute  Tomahawk, 
the  Astrobee  D,  and  the  Ute  Tomahawk. 


Scientists  studying  geophysical  phenomena 
must  go  to  locations  where  they  can  observe 
these  phenomena.  Here,  a crew  has  recovered 
a rocket-borne  experiment  from  its  landing 
point,  north  of  Fairbanks,  Alaska. 

During  the  past  two  years,  a total  of 
46  large  research  rockets  were  launched. 
The  White  Sands  Missile  Range  was  used 
most  often  (18  launches).  Others  were 
launched  from  Fort  Churchill,  Canada 


(12);  Wallops  Island,  Virginia  (7);  Poker  commutation  facility  processes  data 
Flat  Rocket  Range,  Alaska  (4);  Woomera  from  satellites,  rockets,  aircraft,  balloons 
Rocket  Range,  Australia  (3);  and  Van-  and  from  laboratory  data  collection  sys- 
denberg  AFB,  California  (2).  terns,  using  two  special  purpose  Honey  - 

During  this  reporting  period,  packages  well  computer  systems, 
designed  here  were  carried  aboard  two  AFGL  Research  Library;  The  breadth 
Air  Force  scientific  satellites,  the  NASA  and  quality  of  the  technical  collection 

Atmosphere  Explorer  D and  E satellites,  maintained  by  the  AFGL  Research  Li- 

and  the  SOLRAD  satellites.  brary  are  surpassed  by  few  libraries  in 

AFGL  Computation  Center;  AFGL  the  country.  Available  to  \>\  scien- 

operates  a large  scientific  data  processing  tists  are  the  scientific  journals  of  Bul- 

facility  consisting  of  two  CDC  6600  garia,  Czechoslovakia,  Holland,  France, 

computing  systems  which  support  AFGL,  Germany,  Hungary,  Italy, Japan,  Poland, 

ESD,  other  government  agencies  and  Russia  and  Sweden.  The  collection  of 

DOD  contractors.  Chinese  science  journals  and  monographs 

The  CDC  6600  systems  consist  of  a is  one  of  the  most  comprehensive  in  the 
modular  designed  multiprocessor  opera-  U.  S.  Associated  with  the  foreign  peti- 
tion with  extensive  input-output  devices,  odical  collection  arc  translation  services, 
peripheral  equipment  and  communica-  Classified  Program:  A portion  of  the 
tions  equipment.  The  systems  provide  re-  research  program  is  classified  because  of 

mote  batch,  interactive  graphics  and  con-  its  relation  to  operational  systems.  Pub- 

versational  capabilities  through  a net-  lications  or  presentations  resulting  from 

work  of  approximately  50  remote  sta-  this  classified  research  have  not  been  in- 

tions  located  within  the  laboratory  com-  eluded  in  the  listings  at  the  end  of  each 

plex  and  at  off-base  locations.  The  de-  chapter. 


AFGL  PZL  densitometer  (10-inch  diameter 
falling  sphere  instrumented  with  a triaxial 
piezoelectric  acceleTomcter)  shown  with  the 
split  nose  cone  deployment  assembly.  Installed 
behind  the  white  equatorial  band  of  the  sphere 
are  antennas  for  S-band  PCM  telemetry  and 
C-band  radar  transponder. 


II  AERONOMY  DIVISION 


and  chemical  properties  of  the  earth’s 
upper  atmosphere.  It  deals  principally 
with  the  atoms,  molecules,  ions  and  pho- 
tons present  in  the  atmosphere  and  how 
they  interact  with  one  another.  The  low- 
est region  of  the  atmosphere,  the  tropo- 
sphere, which  extends  from  the  ground 
to  about  10  to  15  km,  is  investigated  pri- 
marily by  the  Meteorology  Division.  The 
Aeronomy  Division’s  principal  investiga- 
tions arc  in  the  regions  above  this— the 
stratosphere,  mesosphere  and  thermo- 
sphere. 

A major  area  of  activity  of  the  Division 
is  the  study  of  the  stratospheric  environ- 
ment. The  National  Environmental  Policy 
Act  of  1969  requires  the  Air  Force  to 
provide  environmental  impact  statements 
for  its  operations  such  as  flying  the  B-l 
and  F-15  aircraft.  Questions  which  must 
be  answered  include:  What  will  aircraft 
emissions  do  to  the  ozone  content  of 
the  stratosphere?  How  will  this  affect 
the  amount  of  ultraviolet  radiation  reach- 
ing the  earth?  What  will  this  do  to  the 
environment  around  us  at  ground  level 
and  what  effect  will  this  have  on  us?  To 
answer  questions  such  as  these,  the  Divi- 
sion is  engaged  in  a cooperative  program 
with  other  government  agencies  such  as 
Army,  Navy,  National  Aeronautics  and 
Space  Administration,  National  Oceanic 
and  Atmospheric  Administration,  Energy 
Research  and  Development  Agency,  En- 
vironmental Protection  Agency,  National 
Science  Foundation  and  the  Department 
of  Transportation.  The  Division  is  per- 
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forming  experiments,  principally  by 
means  of  high-altitude  balloons,  to  deter- 
mine the  composition  of  the  stratosphere, 
with  special  emphasis  on  those  constitu- 
ents that  react  chemically  with  the  ozone 
in  the  stratosphere.  The  solar  ultraviolet 
radiations  impinging  on  the  top  of  the 
stratosphere  and  their  absorption  as  they 
pass  through  the  stratosphere  are  being 
measured  by  means  of  spectrometers 
flown  on  balloons  and  sounding  rockets. 
Stratospheric  winds,  temperature  and 
turbulence  arc  being  measured  in  order 
to  develop  models  for  predicting  the  dis- 
persion, spreading  and  lifetime  of  aircraft 
and  missile  exhaust  products  in  the 
stratosphere.  laboratory  chemistry  ex- 
periments are  being  performed  to  measure 
the  reactions  and  properties  of  important 
molecules  in  the  stratosphere,  both  natu- 
ral constituents  and  pollutants  from  air- 
craft operations.  Models  of  the  strato- 
sphere with  and  without  the  perturbation 
of  various  pollutants  are  being  developed 
for  determining  the  environmental  impact 
of  Air  Force  operations.  In  particular, 
models  for  predicting  the  effect  of  aircraft 
traversing  a given  region  of  the  strato- 
sphere arc  being  developed. 

Another  major  area  of  activity  is  the 
study  of  ultraviolet  radiations.  In  addition 
to  the  importance  of  these  radiations  in 
stratospheric  research,  as  indicated  above, 
the  ultraviolet  radiations  from  the  sun 
are  a principal  source  of  energy  for  the 
earth’s  upper  atmosphere  and  as  such 
have  a major  influence  on  atmospheric 
composition,  density  and  ionization. 
Also,  the  atmospheric  background  radia- 
tions in  the  ultraviolet  region  of  the  spec- 
trum impose  a limit  on  surveillance  cap- 
abilities. These  ultraviolet  radiations  arc 
measured  by  means  of  optical  spectro- 
meters flown  on  rockets  and  satellites. 

Another  major  area  is  the  develop- 
ment of  improved  models  of  the  proper- 
ties of  the  earth’s  upper  atmosphere  for 
predicting  space  vehicle  trajectories.  For 
example,  the  Division  has  had  a major 


EXPERIMENT  EXPERIMENT 

STOWED  DEPLOYED  n.  70S 

Rocket  payload  to  measure  solar  UV  fluxes, 
photoelcctron  energy  distributions,  and  air- 
glow  radiation  as  a function  of  altitude  in  the 
earth’s  upper  atmosphere. 

role  in  the  development  of  U.S.  Standard 
Atmosphere,  1976,  a cooperative  effort 
involving  the  Air  Force,  the  National 
Aeronautics  and  Space  Administration 
and  the  National  Oceanic  and  Atmos- 
pheric Administration.  In  systems  opera- 
tions, the  Division  is  working  on  atmos- 
pheric density  models  and  on  geopoten- 
tial  models  for  the  Aerospace  Defense 
Command  to  be  used  in  its  tracking  opera- 
tions of  all  space  objects,  both  friendly 
and  unfriendly.  The  atmospheric  data 
necessary  for  the  development  of  these 
models  is  obtained  by  means  of  mass 
spectrometers,  ionization  gauges  and 
accelerometers  flown  on  rockets  and 
satellites. 

Another  major  area  is  the  sf  dy  of  dis- 
turbed atmospheres.  Systems  operating 
in  or  through  the  earth’s  upper  atmos- 
phere may  be  affected  by  both  natural 
disturbances  such  as  polar  cap  absorption 
events,  auroral  events,  and  sudden  iono- 
spheric disturbances,  and  by  atmospheric 
nuclear  detonations.  The  Division,  in  co- 
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operation  with  the  Defense  Nuclear 
Agency,  is  measuring  atmospheric  proper- 
ties during  natural  disturbances  and  de- 
veloping models  which  are  used  as  inputs 
to  computer  codes  for  predicting  the 
atmospheric  effects  to  be  expected  from 
nuclear  detonations.  Among  the  proper- 
ties measured  are  the  ion  and  neutral 
composition  of  the  upper  atmosphere. 
This  is  accomplished  by  means  of  mass 
spectrometers  flown  on  sounding  rockets 
with  the  atmospheric  regions  investigated 
being  principally  the  D and  E regions  of 
the  ionosphere.  In  addition,  laboratory 
chemistry  experiments  are  performed  on 
the  various  reactions  that  may  take  place 
in  the  upper  atmosphere  such  as  positive 
ion-negative  ion  neutralization,  photodis- 
sociation, photodetachment,  ion-mole- 
cule reactions  and  reactions  involving 
cluster  ions. 

The  Division’s  investigations  arc  being 
performed  by  means  of  theoretical  stud- 
ies, laboratory  experiments  and  experi- 
ments by  means  of  aircraft,  balloons, 
sounding  rockets  and  satellites.  The 
satellite  experiments  are  performed  both 
on  Air  Force  satellites  and  on  satellites 
of  the  National  Aeronautics  and  Space 
Administration  (NASA).  The  Division  is 
heavily  involved  with  the  Defense  Mete- 
orological Satellite  Program.  The  Division 
has  experiments  on  the  NASA  Atmos- 
phere Explorer  satellites.  There  are  plans 
for  participating  in  the  national  SPACE- 
LAB  program.  Among  the  experiments 
being  proposed  for  SPACELAB  is  one 
in  which  a laser  beam  will  probe  the 
earth’s  upper  atmosphere  as  far  down  as 
the  stratosphere  to  determine  atmospher- 
ic properties,  primarily  density,  on  a 
world-wide  basis. 

Neutral  atmospheric  density  and  tem- 
perature have  been  obtained  by  falling 
spheres  launched  by  rocket,  accelerom- 
eters aboard  satellites,  and  ionization 
gauges  on  satellites.  A parallel  laboratory 
effort  in  theoretical  density  studies, 
atmospheric  modeling,  and  measurements 


of  ion-neutral  reaction  rates  has  improved 
understanding  of  the  chemical  processes 
in  the  upper  atmosphere.  The  develop- 
ment of  a system  to  eject  charged  particles 
from  a rocket  or  satellite  will  allow  con- 
trol of  vehicle  potential,  simplifying  the 
collection  of  atmospheric  samples  by 
rockets,  and  possibly  helping  to  protect 
spacecraft  from  high  voltage  discharges. 

Rocket-borne  Accelerometer  Density 
Measurements:  A rocket-borne  mea- 
surements program,  sponsored  jointly  by 
the  Atmospheric  Structure  Branch  of  the 
Aeronomy  Division  and  the  Army’s 
Atmospheric  Sciences  Laboratory  at 
White  Sands  Missile  Range,  New  Mexico, 
was  carried  out  at  White  Sands  Missile 
Range  on  December  13,  1974  to  investi- 
gate the  short-term  variability  of  neutral 
density  and  temperature  during  a period 
of  the  so-called  winter  storm  season.  Four 
density  measurements  were  made  at  in- 
tervals of  approximately  30  minutes.  A 
10-inch  diameter  MICRO-G  falling  sphere 
payload  was  instrumented  by  AFGL  and 
three  ROBIN  inflatable  (passive)  spheres 
by  ASL.  Up  to  70  km,  all  sphere  densities 
agreed  well  with  corresponding  values 


Curve  of  density  ratios  relative  to  CIRA  1972 
(p/p  CIRA  72)  acquired  by  PZL  densitometer. 
Comparison  of  upleg  and  downleg  data  show 
amplitude  and  phase  changes  in  the  wavelike 
structure. 
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from  the  U.  S.  Standard  Atmosphere, 
1962  and  the  variability  dtd  not  exceed 
5 percent  between  successive  flights. 
However,  between  70  and  90  km,  density 
values  were  observed  to  be  about  30  per- 
cent less  than  corresponding  model 
values,  which  is  consistent  with  previous 
measurements  made  at  White  Sands 
Missile  Range  during  quiet  wintertime 
conditions. 

Three  rocket-borne  density  measure 
ments  were  made  using  the  recently 
developed  piezoelectric  densitometer 
consisting  of  a triaxial  accelerometer  in 
a 10-inch  diameter  aluminum  sphere. 
The  improved  falling  sphere  instrumenta- 
tion provides  data  over  an  extended 
altitude  range  (approximately  50-170 
km)  with  greater  accuracy  (2  percent) 
and  height  resolution  (approximately  15 
meters)  than  was  previously  possible. 
The  first  operational  flight  of  the  piezo- 
electric densitometer  was  made  from  the 
Western  Test  Range,  Vandenberg  AKB. 
California,  on  August  15,  1975  and  pro- 
vided a continuous  measurement  from 
70  to  170  km.  The  density  departures 
relative  to  the  COSPAR  International 
Reference  Atmosphere  (CIRA)  1975 
indicate  considerable  structure  in  the 
height  profile.  This  is  particularly  notice- 
able in  the  altitude  regions  between  85 
and  118  km,  where  densities  are  larger 
than  model  values  by  as  much  as  40  per- 
cent and  between  118  and  140  km, 
where  densities  are  smaller  than  those  of 
the  model  by  as  much  as  40  percent. 
Such  large  density  perturbations  are  con- 
sidered unusual  for  midlatitudc  summer- 
time conditions.  A 10-inch  piezoelectric 
densitometer  payload  onboard  a Paiute 
Tomahawk  rocket  was  launched  from 
Poker  Fiai  Research  Range,  Alaska,  on 
March  3,  1976.  Also  onboard  this  vehicle 
was  a group  of  optical  experiments  used 
to  determine  simultaneously  the  vertical 
distributions  of  0,,Oj,  and  total  density 
by  means  of  absorption  measurements 
of  solar  ultraviolet  and  X-rays.  The 


measurements  were  made  near  the  peak 
of  a geomagnetic  substorm  and  following 
an  auroral  breakup.  Preliminary  analysis 
of  data  shows  large  amplitude  structure 
in  the  mesosphere  and  lower  thermo- 
sphere which  may  be  related  to  Joule 
heating  and  particle  precipitation.  A radar 
transponder  was  first  flown  onboard  a 
piezoelectric  densitometer  launched  from 
Kwajalein  Missile  Range  on  August  30, 
1976  to  enable  an  independent  radar 
track  to  be  made  of  the  sphere.  This  is 
an  important  technical  advance  since  the 
accuracy  of  the  density  results  depend 
upon  the  accuracy  of  the  sphere  position 
data.  A shallow  trajectory  was  selected 
for  this  launch  in  order  to  allow  a quali- 
tative evaluation  of  temporal  and  spatial 
variability  of  density  by  comparing  upleg 
and  downleg  data  during  the  period  of 
measurement.  It  was  assumed  that  there 
was  no  significant  temporal  variability 
for  conjugate  points  along  the  sphere 
trajectory  because  of  the  short  duration 
of  the  flight.  However,  at  an  altitude  of 
82  km  the  conjugate  points  have  a hori- 
zontal separation  of  approximately  100 
km  and  the  apparent  spatial  variability  is 
about  10  percent. 

Molecular  Oxygen,  Ozone,  and  Total 
Density:  Mesospheric  ozone  was  meas- 
ured by  two  different  techniques  during 
Project  ALADDIN  (Atmospheric  layer- 
ing and  Density  Distribution  of  Ions  and 
Neutrals)  ’74  on  June  29  and  30,  1974, 
at  Wallops  Island,  Virginia.  The  airglow 
of  molecular  oxygen  at  1 .27  micrometers 
and  the  absorption  of  solar  ultraviolet 
radiation  near  2950  angstroms  arc  com- 
plementary methods  that  have  not  been 
compared  adequately  in  the  past.  The 
agreement  is  generally  good,  but  some  of 
the  structural  difference,  particularly  the 
inversion  near  77  km,  is  believed  to  re- 
flect differences  in  solar  elevation  angle 
between  midafternoon  on  June  29  and 
early  morning  on  June  30.  Other  ozone 
data  at  lower  altitudes  show  negligible 
differences  between  these  two  measure- 
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ments  in  contrast  to  some  model  predic- 
tions. A summary  of  the  ALADDIN  74 
ozone  results,  including  four  different 
techniques  covering  a 90-km  altitude 
range,  was  presented  at  a Committee  on 
Space  Rcsearch/International  Association 
of  Geomagnetism  and  Aeronomy  (CO- 
SPAR/IAGA)  symposium. 

A system  to  determine  thermospheric 
density  by  measuring  the  backscatter 
from  a laser  was  launched  from  White 
Sands  Missile  Range  on  June  10,  1975. 
The  experiment  utilizes  the  Rayleigh 
scattering  of  the  laser  light  by  atmospher- 
ic molecules.  In  the  first  flight  using 
this  novel  technique,  the  dye  laser  oper- 
ated perfectly,  showing  that  such  systems 
can  be  used  for  accurate  measurements 
from  a rocket  or  space  platform. 


Companion  of  UV  and  air  glow  techniques  for 
ozone  during  ALADDIN  74,  with  some  repre- 
sentative model  predictions. 


Additional  rockets  were  launched  in 
February  and  March  1976  as  part  of  the 
Infrared  Chemistry  Experiments  for  the 
Coordinated  Auroral  Program  (ICECAP) 
76  program  at  Poker  Flat  Rocket  Range, 
Alaska.  Excellent  data  were  obtained 
from  ultraviolet  sensors  and  the  falling 
sphere.  The  data  show  the  density,  molec- 
ular oxygen  and  ozone  environment  at 
high  latitudes  related  to  variable  geomag- 
netic conditions. 


Satellite  Accelerometer  Density  Mea- 
surements: A major  effort  has  been  direct- 
ed toward  the  collection  and  reduction 
of  accelerometer  density  measurements 
required  to  develop  an  accurate  under- 
standing of  atmospheric  variations.  Data 
were  obtained  from  accelerometers  on 
five  satellites  during  this  reporting  period. 
The  NASA  Atmosphere  Explorer-C,  D 
and  E satellites  each  carried  triaxial 
accelerometer  systems  consisting  of  three 
single-axis  units  mounted  at  right  angles 
to  each  other.  The  Air  Force  S3-1  satellite 
carried  a single-axis  electrostatic  acceler- 
ometer and  a triaxial  piezoelectric  accel- 
erometer being  flight  tested.  A piezoelec- 
tric sensor  was  also  flown  on  the  Air 
Force  S3-2  satellite. 

Atmosphere  Explorer  C/(AE-C), 
launched  December  1973  into  a 68-degree 
inclination  orbit,  remained  in  an  elliptical 
orbit  for  one  year.  Over  1,000  density 
profiles  were  obtained  during  this  phase 
of  the  mission.  These  results,  along  with 
data  from  other  Atmosphere  Explorer 
experiments,  were  put  into  a central 
computer  for  use  in  scientific  investiga- 
tions. An  empirical  model  was  developed 
using  this  data  base.  This  analysis  showed 
that  the  semiannual  and  geomagnetic  vari- 
ations arc  in  good  agreement  with  the 
Jacchia  1971  models.  However,  individual 
magnetic  storm  responses  often  exceed 
average  representations  of  the  geomag- 
netic effect  by  more  than  a factor  of  two. 
The  density  was  also  found  to  be  more 
variable  with  respect  to  the  daily  10.7-cm 
solar  flux  than  the  Jacchia  models  predict. 
The  sub-solar  bulge  has  only  about  half 
the  effect  assumed  in  present  models. 
The  very  low  perigee  altitude  of  AE-C 
permitted  analysis  of  over  700  density 
values  at  140  km.  Increases  in  density  as 
high  as  50  percent  were  observed  during 
geomagnetic  storms  and  appeared  to  cor- 
relate with  invariant  latitude.  A consider- 
able amount  of  data  was  acquired  near 
250  km  after  AE-C  was  put  into  a circu- 
lar orbit. 
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ATMOSPHERIC  DENSITY  VARIATIONS 
IN  BOTH  HEMISPHERES  AT  160  km 


• ■ S3-I  DATA 
■ ■ AE-C  DATA 
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Atmospheric  density  variations  at  160  km 
measured  by  accelerometers  on  the  AE*C 
satellite  in  the  Southern  Hemisphere  and 
Air  Force  research  satellite  S3-1  in  the  North- 
ern Hemisphere. 

AE-D  was  launched  into  a polar  orbit 
in  October  1975  and  AK-E  was  launched 
into  a near  equatorial  orbit  in  November 
1975.  All  three  accelerometers  on  both 
satellites  performed  normally.  A space- 
craft power  system  failure  terminated 
AE-D  operations  in  February  1976.  How- 
ever, approximately  1,000  orbits  of  data 
were  obtained  between  150  and  250  km 
before  that  time.  These  data  provide 
global  coverage  of  the  neutral  atmos- 
phere. AFi-E  data  were  obtained  through- 
out the  elliptical  orbit  phase  in  the  lower 
thermosphere.  Data  from  about  300 
orbits  have  been  reduced  to  date.  The 
AE-E  data  will  permit  studies  of  local 
time  variations  and  atmospheric  tides. 
The  Air  Force  satellite  S3-1  was  launched 
into  a near  polar  orbit  with  perigee  at 
155  km  and  apogee  at  3850  km  in  the 
last  quarter  of  1974.  Approximately 
1500  orbits  of  density  data  from  an 
electrostatic  accelerometer  onboard  were 
acquired  and  are  being  reduced.  Compar- 
isons were  made  between  this  flight-prov- 
en instrument  and  the  piezoelectric  tri- 
axial  accelerometer  being  flight  tested. 
The  piezoelectric  instrument  performed 


well.  This  sensor  possesses  the  advantages 
of  lower  cost,  weight  and  power  con- 
sumption. It  has  less  inherent  accuracy 
than  the  electrostatic  accelerometer  and 
is  usable  only  on  spinning  satellites.  A 
second  Air  Force  satellite,  S3-2,  was 
launched  into  a near  polar  orbit  with 
perigee  near  250  km  in  late  1975.  The 
piezoelectric  accelerometer  worked  nor- 
mally and  data  are  being  reduced. 

The  response  of  the  neutral  atmosphere 
to  a large  geomagnetic  storm  was  studied 
by  comparing  results  from  AE-C  when  it 
was  in  the  Southern  Hemisphere  and  from 
S3-1  when  it  was  in  the  Northern  Hemi- 
sphere. A global  component  of  the  storm 
is  observed  with  the  density  increasing 
by  about  50  percent  in  both  hemispheres. 
As  the  storm  progresses  the  density 
fluctuations,  as  measured  by  each  satel- 
lite, become  out  of  phase,  possibly  due 
to  fluctuations  in  heating  or  wave  prop- 
agation effects.  Results  are  shown  for 
the  altitude  of  160  km. The  middle  curve 
shows  that  the  observed  variations  are 
not  included  in  present  models.  If  the 
variations  were  predicted  by  the  model, 
the  ratio  of  measured  density  to  the  mo- 
del would  be  a straight  line. 

Satellite  Ionization  Gauge  Measure- 
ments: The  S3-1  satellite  included  a cold- 
cathode  ionization  gauge  as  well  as  the 
electrostatic  and  piezoelectric  accelero- 
meters. Over  1900  orbital  passes,  about 
perigee,  were  acquired  during  which 
successful  gauge  measurements  were  ob- 
tained. During  the  six -month  lifetime  of 
the  satellite,  perigee  preccsscd  around 
the  earth,  thereby  providing  latitudinal 
sampling  on  a global  scale.  Reduction 
of  the  measurements  to  atmospheric 
densities  has  been  accomplished  and  re- 
sults are  currently  being  compiled  for 
use  in  analysis  and  correlation  studies. 
Of  particular  interest  are  the  results  ob- 
tained during  two  moderately  large  geo- 
magnetic storms  which  occurred  while 
the  satellite  was  in  orbit.  The  extensive 
measurements  from  these  periods  will 
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make  it  possible  to  extract  added  infor- 
mation and  detail  about  the  morphology 
of  storm  development,  progress  and  decay 
insofar  as  it  affects  atmospheric  structure. 
Phenomena  such  as  wave  propagation 
were  seen  to  occur  during  geomagnetic 
storms,  usually  near  the  polar  regions  of 
the  earth.  The  Air  Force  research  satellite 
S3-2  also  carried  ionization  gauges  on- 
board. S3-2  was  placed  into  a less 
eccentric  orbit  with  an  initial  perigee  at 
207  km  and  apogee  at  1344  km.  This 
satellite  is  still  in  orbit  and  is  providing 
data  of  high  quality.  Instrumentation  is 
being  developed  and  fabricated  for  flights 
onboard  the  S77-2  spacecraft  scheduled 
for  launch  in  the  fourth  quarter  of  1977. 
In  addition  to  atmospheric  neutral  den- 
sity measurements,  the  S77-2  instrumen- 
tation will  provide  information  concern- 
ing atmospheric  ambient  temperature, 
winds  and  spacecraft  aspect  referenced 
to  the  flight  vector.  The  additional 
measured  parameters  will  be  monitored 
by  means  of  a motor-driven  baffle  exten- 
sion. The  baffle  extension  interrupts  the 
airstream  flow  into  the  ionization  gauge 
sensor  producing  a signal  dropout.  From 


Cold  cathode  ionization  gauge  flight  units, 
sensor  on  left  with  operating  electronics  at 
right. 


analysis  of  the  rise  and  fall  times  of  the 
signal  dropout  waveform,  atmospheric 
temperature  and  winds  can  be  inferred. 

Theoretical  Density  Studies:  Deriva- 
tion of  density  values  from  radar  obser- 
vations of  the  orbital  motions  of  satellites 
has  continued.  Data  from  three  Doppler 
Beacon  satellites,  as  well  as  from  some 
other  low  perigee  Air  Force  satellites 
have  been  used  to  derive  density  data. 
The  results  of  two  computer  programs 
for  determining  the  orbit  and  atmospheric 
drag  of  the  Doppler  Beacon  satellites 
were  compared. 

Two  empirical  density  models  based 
on  drag  analyses  of  22  low-perigee  satel- 
lites were  developed  for  use  in  predicting 
low-altitude  satellite  ephemerides.  A step- 
wise multiple  regression  analysis  was  per- 
formed with  density  at  145  km  as  the 
dependent  variable,  and  a number  of 
independent  variables  chosen  to  represent 
variations  with  solar  cycle,  geomagnetic 
activity,  latitude,  season,  day  of  year  and 
time  of  day.  Densities  between  120  and 
500  km  were  determined  from  the  hydro- 
static law  in  a simple  but  realistic  analytic 
form.  The  two  models  compared  very 
well  with  the  1971  Jacchia  model.  The 
main  advantage  of  such  models  is  that 
they  represent  major  savings  in  both  com- 
puter storage  and  run  time  making  im- 
provement in  operational  systems  pos- 
sible. 

The  solar  diumal  tide  in  the  thermo- 
sphere excited  by  absorption  of  EUV 
and  UV  solar  radiation  for  equinox 
conditions  was  determined  by  numerical- 
ly integrating  the  linearized  tidal  equa- 
tions for  a spherical,  rotating,  viscous 
atmo  phere.  The  model  takes  into  ac- 
count eddy  viscosity,  Newtonian  cooling, 
molecular  viscosity  and  conductivity, 
Coriolis  acceleration  and  anisotropic  ion 
drag.  Because  height  and  latitude  terms 
are  inseparable  in  the  mathematical  sys- 
tem, vertical  structures  of  all  tidal  fields 
were  found  to  vary  with  latitude;  or 
equivalently,  the  horizontal  structures 
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Data  obtained  from  satrllitr  ionization  gauge 
illustrating  wavelike  structure  observed  over 
south  polar  region.  In  the  lower  portion  of 
the  figure  the  open  circles  are  gauge  deter- 
mined densities  and  crosses  are  Jacchia  71 
model  values.  In  the  upper  portion  of  the 
figure  crosses  represent  the  ratio  values  of  the 
gaugr  determined  densities  to  the  J 7 1 values. 

vary  with  height,  contrary  to  classical 
inviscid  tidal  theory.  Tidal  structures  also 
vary  with  the  level  of  solar  activity,  since 
the  altitudes  where  diffusion  and  hydro- 
magnetic  ion  drag  dominate  the  momen- 
tum balance  depend  upon  the  background 
temperature  and  ionospheric  structures. 
Increased  ion  drag  associated  with  more 
active  solar  conditions  inhibits  accelera- 
tion of  the  neutral  winds  via  transfer  of 
momentum  to  the  (denser)  ionospheric 
plasma;  however,  the  suppression  of  sub- 
sidence heating,  which  is  nearly  in  anti- 
phase with  the  F.UV  heat  source,  gives  rise 
to  increased  temperature  amplitudes. 

Gaopotantial  Modal  Studies:  The  per- 
formance of  several  geopotential  models 
in  predicting  the  orbital  ephemerides 
has  been  evaluated  for  some  low-altitude 
SAMSO  satellites  and  three  Doppler 
Beacon  satellites  (perigee  height  approxi 
mately  160  km)  as  well  as  for  a medium 
perigee  height  satellite,  OV1-17  (perigee 
height  approximately  300  km)  and  a 
higher  perigee  height  satellite,  OV1-21 
(perigee  height  approximately  800  km). 


Inasmuch  as  the  larger  geopotential 
models  were  quite  time-consuming  on  the 
computer,  a geopotential  optimization 
scheme  was  devised  which  selects  only 
the  important  geopotential  terms  in  the 
ephemeris  computation  for  a particular 
satellite.  These  tests  showed  that  geopo- 
tential models  can  be  optimized  to  save 
approximately  50  percent  of  the  compu- 
ter time  with  negligible  loss  in  accuracy. 
Geopotential  models  that  have  been 
studied  include  the  Gaposchkin  8x8, 
Standard  Karth  III,  and  WGS  72. 

Mesospheric  and  Thermospheric  Tur- 
bulence: To  determine  the  structure  and 
occurrence  rates  of  turbulence  between 
30  and  90  km  altitude,  rocket  grenade 
data  taken  between  1961  and  1967  have 
been  utilized.  These  data  were  obtained 
at  four  latitudes:  Barrow,  Alaska,  (71.3 
degrees  North);  Churchill,  Canada  (58.7 
degrees  North);  Wallops  Island,  Virginia 
(37.8  degrees  North)  and  Natal,  Brazil 
(6  degrees  South).  The  results  show  that 
the  rate  of  occurrence  of  turbulence  in- 
creases with  altitude  approximately  ex- 
ponentially. A solar  cycle  relation  pro- 
portional to  the  sunspot  number  and  the 
10.7  cm  flux  was  noted  at  70  to  90  km 
over  Wallops  Island,  Virginia. 

On  January  28,  1976,  a chemical 
smoke  tracer  and  a trimethyl  aluminum 
(TMA)  trail  were  launched  from  rockets 
as  part  of  the  1976  Winter  Anomaly  Pro- 
gram to  study  the  fine-scale  dynamics 
during  the  quiet  period  following  a mea- 
sured “anomalous”  event.  The  distribu- 
tion and  intensity  of  turbulence  deter- 
mined from  the  fine-scale  winds  and 
from  the  density  fluctuations  observed 
in  the  TMA  trail  are  important  for  the 
understanding  of  major  and  minor  species 
distributions  in  the  mesosphere  and  of 
variations  in  radio  wave  propagation 
characteristics. 

Reanalysis  of  the  nighttime  equatorial 
electron  density  turbulent  fluctuations 
from  86  to  115  km  suggests  that  the 
electron  density  fluctuations  follow  the 
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The  cyclical  behavior  of  the  yearly  averaged 
percent  occurrence  of  turbulence  and  the  tur- 
bulent diffunvitiei.  These  are  compared  to 
the  yearly  averaged  values  of  sunspot  number 
and  10.7  cm  flux. 

neutral  turbulence,  and  does  not  support 
equatorial  electrojet  turbulence  theory. 

Atmospheric  Dynamics  and  Models: 
The  time-dependent  model  calculations 
of  ALADDIN  II  were  corrected  to  con- 
form to  the  amended  mass  density  from 
1 10  to  135  km.  The  resulting  calculations 
more  accurately  describe  the  neutral 
species  distributions  over  the  altitude 
range  of  measurements  than  did  the  origi- 
nal calculations  for  the  altitude  region 
90  to  approximately  150  km. 

The  ALADDIN  I calculations  were  ex- 
tended to  400  km  to  provide  the  model 
with  better  boundary  conditions  and  to 
include  a more  comprehensive  approach 
to  the  description  of  atomic  hydrogen. 
This  extension  produced  a better  descrip- 
tion of  the  hydrogenic  dynamics  in  cou- 
pled calculations  and  showed  good  to  ex- 


cellent agreement  with  the  hydrogen  dis- 
tribution determined  from  thermospheric 
ionic  measurements. 

The  ALADDIN  I calculations  were 
again  expanded  to  include  the  ionic  spe- 
cies and  the  additional  neutral  species 
necessary  for  their  description.  The  initial 
calculations  of  this  amended  model  in- 
cluded the  motion  of  molecular  nitrogen 
with  the  mean  mass  motion  assumed  to  be 
zero.  The  ionic  distributions  resulting 
from  this  calculation  reproduced  well 
the  measured  distributions  of  the  major 
F-region  ionic  constituents. 


The  ALADDIN  I major  and  tome  minor 
thermospheric  theoretical  species  distributions 
from  100  to  400  km.  Included  in  the  figure 
are  the  measured  atomic  hydrogen  data  from 
Breig  et  al  (1976)  for  comparison  purposes. 

Thermospheric  dynamics  were  ana- 
lyzed by  applying  the  coupled  equations 
of  motion  including  the  effects  of  ther- 
mal diffusion  of  all  species.  The  results 
of  these  calculations  were  applied  to  the 
measurements  of  rocket-borne  neutral 
mass  spectrometer  data  in  the  altitude 
region  from  120  to  approximately  200 
km.  The  results  showed  that  atomic  oxy- 
gen flow  does  exhibit  a reversal  from 
downward  to  upward  motion  between 
155  and  190  km,  and  that  the  velocity 
determined  can  be  in  error  by  a factor  of 
2 if  thermal  diffusion  effects  are  ignored. 

Auroral  Chemistry:  A study  of  auroral 
chemistry  has  led  to  the  conclusion  that 
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the  charge  transfer  process  between  mol- 
ecular oxygen  ions  and  nitric  oxide  in 
the  auroral  E region,  a major  source  of 
nitric  oxide  ions,  may  leave  the  oxygen 
in  an  electronically  excited  state.  This 
mechanism  could  contribute  to  an  ex- 
planation of  the  1. 27-micrometer  emis- 
sion greater  than  that  predicted  by 
theory  sometimes  observed  in  auroras. 
Formation  of  molecular  nitrogen  in  its 
triplet  A electronic  state  during  auroras 
and  its  subsequent  reaction  with  atomic 
oxygen  may  yield  nitric  oxide  and  thus 
substantially  enhance  the  ambient  nitric 
oxide  concentration  in  the  E region  dur- 
ing auroras.  This  enhancement  would 
agree  with  our  recent  comprehensive  sur- 
vey of  all  available  auroral  E-region  ion 
composition  data.  Nitric  oxide  was 
found  to  have  peak  concentrations  near 
110  km  varying  from  10s  to  109  mole- 
cules per  cubic  centimeter,  the  increase 
generally  being  proportional  to  the 
auroral  ionization  rate. 

Disturbed  D Region:  The  assessment 
of  the  data  garnered  during  the  November 
2-5,  1969  Polar  Cap  Absorption  event 
was  completed.  For  the  first  time  ever 
for  the  D region,  model  calculations 
agreed  with  the  positive  ion  measurement 
data.  (The  quiet  D-region  structure  is  un- 
solved to  date.)  A detailed  comparison 
for  the  nighttime  was  made  for  a relative- 
ly simple,  but  fast,  steady-state  model 
that  was  constructed.  The  daytime  posi- 
tive ion  data  were  generally  compatible 
with  an  earlier  provisional  model.  A 
high-precision  determination  of  the  day- 
time electron  loss  rate  as  a function  of 
altitude  was  also  determined.  The  night- 
time electron  loss  rate  had  been  previous- 
ly solved. 

Laboratory  Measurements  of  Ion  Dis- 
sociation: Molecular  ions  in  the  atmos- 
phere may  dissociate  following  photon 
absorption  or  as  the  result  of  an  energetic 
collision  with  a neutral  species.  Studies 
of  each  of  these  reactions  are  carried  out 
in  the  Aeronomy  Division  using  double 
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length  range  from  300  to  340  nanometers 
excites  a long-lived  upper  state  which  may 
decay  by  dissociation  to  NO+  and  N,  as 
observed  in  these  experiments,  or  by 
fluorescence,  as  previously  observed  by 
other  workers.  The  N20+  photodissocia- 
tion spectrum  in  this  wavelength  range  is 
highly  structured. 


*i  ■ 3 g i o 


\jrr  (nm) 

The  photodissociation  spectrum  of  NjO*. 
The  photon  absorbing  state  is  the  27T  ground 
electronic  state.  Vibrational  levels  for  the 
symmetric  stretching  mode  of  this  state  are 
indicated  by  vertical  lines  across  the  top  of 
the  figure. 

Collisional  dissociation  of  ions  may 
occur  in  the  nuclear  or  natural  perturbed 
atmosphere.  In  addition  to  measurements 
of  the  cross  sections  for  these  processes, 
laboratory  studies  on  collisional  dissocia- 
tion provide  information  on  bond  dissoci- 
ation energies  and  on  the  occurrence  of 
competitive  reaction  channels.  For  ex- 
ample, in  the  reaction  of  COj  with  02 , 
the  observed  ionic  products  are  O'  result- 
ing from  collisional  dissociation  of  CO3  , 
and  Oj  resulting  from  transfer  of  an  O' 
ion  from  CO3  to  02 . Cross  sections  for 
these  reactions  and  for  the  dissociation 
of  N02  and  NOj  in  collisions  with  im- 
portant atmospheric  neutral  molecules 
have  been  measured. 


Thermochemistry  of  Metal  Oxides: 

During  this  reporting  period  a high-tem- 
perature mass  spectrometer  was  success- 
fully refurbished  and  put  into  operation. 
This  instrument  has  been  used  and  will 
continue  to  be  used  to  study  the  thermo- 
chemical properties  of  various  metal 
oxides.  These  species  are  studied  because 
they  are  formed  following  nuclear  deto- 
nations and  they  may  be  sources  of  in- 
tense optical  radiation  as  well  as  sources 
of  ionization  resulting  in  interference 
with  radio  and  radar  communications. 
Towards  this  end  the  dissociation  energies 
and  ionization  potentials  of  thorium, 
zirconium  and  europium  gaseous  oxides 
were  measured.  In  addition  to  the  thermo- 
chemical studies  some  work  has  been  per- 
formed to  study  the  kinematics  of  ion- 
neutral  collisions  at  energies  between 
approximately  1 eV  and  WO  eV.  For 
these  experiments  a double  mass  spectro- 
meter system  has  been  used,  and  so  far 
cross  sections  have  been  measured  for 
the  reaction  of  N+  and  N*  with  N20  and 
of  N+  with  02 . Isotopically  labeled  pro- 
jectiles have  been  used  to  study  the  reac- 
tion of  N+ and  with  N2  O.  From  these 
experiments  it  is  concluded  that  and 
N20  undergo  charge  exchange  reactions 
solely  by  electron  transfer.  It  was  found 
that  in  the  reaction  of  N+  with  N20, 
charge  transfer  proceeds  via  both  ion- 
atom  exchange  and  electron  transfer. 

Charged  Particle  Ejection  from  Rock- 
ets and  Satellites:  An  electron  beam  rock- 
et payload  was  constructed,  calibrated  in 
a laboratory  vacuum  system,  and  flown 
to  an  apogee  of  173  km  at  White  Sands 
Missile  Range,  New  Mexico,  on  August 
6,  1975.  The  purpose  of  the  flight  was  to 
measure  the  ambient  atmospheric  den- 
sity, molecular  nitrogen  concentration, 
and  the  vehicle  potential  during  beam 
emission.  The  payload  instrumentation 
included  two  electron  beam  guns,  three 
photometers  with  3914  angstrom  filters, 
two  proportional  counters  with  2-mil 
beryllium  windows,  and  a retarding  po- 
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tential  analyzer.  All  the  payload  instru- 
mentation operated  successfully  during 
ascent  and  descent.  Measurements  were 
made  from  110  km  to  173  km  on  ascent, 
and  from  173  km  to  80  km  on  descent. 
Useful  density  results  were  obtained. 


Sensor  layout  on  electron  beam  payload,  rock- 
et borne  Brcmsstrahlung  density  experiment. 

Satellite  Charged  Particle  Ejection 
Systems:  Two  charged  particle  ejection 
systems  have  been  developed  and  built 
for  use  on  the  SCATHA  (Spacecraft 
Charging  AT  High  Altitudes)  satellite. 
These  systems  will  be  used  to  test  a 
variety  of  techniques  of  controlling 
vehicle  potential.  The  Satellite  Electron 
Beam  System  utilizes  a triode  electron 
gun  and  allows  for  the  ejection  of  cur- 
rents from  one  microampere  to  13  milli- 
amperes,  and  particle  energies  from  50 
eV  to  6 keV.  Continuous  and  pulsed 
beams  can  be  obtained  with  a number  of 
different  focus  conditions.  In  all,  250 
combinations  of  different  modes  can  be 
obtained  by  ground  commands.  The 
other  instrument  is  the  Satellite  Positive 
Ion  Beam  System  which  will  allow  for 
the  controlled  ejection  of  xenon  ions. 


Beam  currents  from  0.3  mA  to  2.0  mA, 
and  beam  particle  energies  of  1.0  and  2.0 
keV  will  be  commandable  from  the 
ground.  A neutralizer  will  be  available 
which  can  be  used  either  in  conjunction 
with  the  beam  or  separately.  The  neutral- 
izer can  be  biased  from  -1  kV  to  + 1 kV 
with  respect  to  satellite  ground.  The 
Satellite  Positive  Ion  Beam  System  can 
be  commanded  from  the  ground  to  emit 
positive  ions,  or  electrons,  or  a neutralized 
beam  of  positive  ions  and  electrons. 


Satellite  Electron  Beam  System  (SC4-1) 
showing  opened  electron  gun. 


From  July  1974  to  June  1976,  seven 
major  Air  Force  and  DOD  rocket  pro- 
grams and  two  satellite  programs  were 
carried  out.  Generally  these  efforts  were 
conducted  to  determine  the  ion  and  neu- 
tral compositions  of  the  upper  atmo- 
sphere during  natural  and  man-made  dis- 
turbances and  their  effects  on  Air  Force 
systems. 

Rocket  Measurements:  A total  of  11 
rocket  paylmds  were  launched  in  7 
different  efforts  to  define  the  ionospheric 
conditions  for  communications,  naviga- 
tion and  detection  systems  and  also  to 
define  atmospheric  conditions  for  calcu- 
lations of  infrared  backgrounds  and  satel- 
lite cphcmeridcs. 
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A coordinated  auroral  studies  program 
designated  ICECAP  ’75  was  carried  out 
from  Poker  Flat,  Alaska,  on  March  3, 
1975  by  the  Air  Force  and  the  Defense 
Nuclear  Agency.  A dual-mode  quadrupole 
mass  spectrometer  that  was  programmed 
to  measure  the  positive  ion  and  neutral 
composition  on  alternate  mass  scans  was 
included  in  a multi-instrumented  Ser- 
geant-Hydac  rocket.  The  rocket  was 
launched  into  a strong  auroral  arc  and 
measurements  were  obtained  in  the  F. 
and  F regions.  The  most  interesting  of 
the  results  was  the  finding  that  the  posi- 
tive ion  plasma  seemed  to  contain  a signi- 
ficant component  that  was  not  thermal 
hut  had  energies  in  excess  of  several 
electron  volts.  Phis  could  have  important 
implications  in  the  creation  of  disturbed 
ionospheres.  It  was  the  subject  of  a later 
rocket  program. 

Another  program  was  part  of  a coordi- 
nated effort  (Project  AEOLUS,  for 
Auroral  Excitation  of  Oscillation  and 
Layering  of  the  Underlying  Species)  con- 
ducted at  Fort  Churchill,  Canada,  to 
study  polar  ionospheric  structure  and 
dynamic  processes,  especially  those  in- 
duced by  an  auroral  electrojet  and  an 
auroral  arc.  Three  Paiute-Tomahawk 
rockets  were  launched,  along  with  other 
rockets  containing  various  chemical  re- 
leases in  three  separate  events.  The  first 
rocket,  containing  a positive  ion  mass 
spectrometer,  plasma  frequency  probe, 
electron  energy  deposition  scintillator 
and  electric  field  probes,  was  launched 
during  an  enhanced  clectrojct  of  about 
700  kA  at  0400  Central  Standard  Time 
on  April  10,  1975.  Measurements  were 
obtained  between  104  km  and  211  km 
on  ascent  and  down  to  79  km  on  descent. 
The  major  ions  measured  in  decreasing 
abundance  were  NO+,  02  +,  0+,  N2  + and 
N+.  Ionized  atomic  oxygen  attained  a 
maximum  relative  concentration  of  only 
about  20  percent  at  the  peak  altitude  with 
the  N0+/02+  ratio  about  3.5+ 0.5  above 
1 20  km.  Significant  ()2  + signals  were  ob- 


served down  to  82  km  which  require  a 
source  of  ionization  to  explain.  The  02  + 
ions  were  found  to  be  due  to  a small 
amount  of  particle  ionization  as  deter- 
mined from  the  electron  scintillator  re- 
sults. Water  cluster  ions  were  measured 
below  86  km.  The  second  rocket  carried 
a dual-mode  ion-neutral  quadrupole  mass 
spectrometer  and  no  electric  field  sensor 
was  included.  The  rocket  was  launched 
at  0312  Central  Standard  l ime  on  April 
2 1 during  very  quiet  conditions  (less  than 
50  kA  electrojet)  lor  comparative  pur- 
poses. Measurements  were  obtained  be- 
tween 108  1 222  km  on  ascent  and 

down  to  93  kn.  on  descent.  Compared  to 
the  lirst  rocket,  there  was  a stark  decrease 
in  die  02+  abundance  with  NO+/()2  + 
ratios  decreasing  from  about  100  near  120 
km,  to  10  at  I 75  km  and  to  2 at  220  km. 
Further,  0+  became  the  dominant  ion 
above  215  km.  Aluminum  ions  which  re- 
sulted from  a trimcthylaluminum  release 
from  a rocket  were  also  measured  above 
175  km  allowing  a tracer  study  of  ionic 
motions.  Excellent  measurements  of  the 
neutral  composition  were  obtained  above 
1 15  km.  The  third  rocket,  with  a payload 
similar  to  that  of  the  second  one,  was 
launched  into  an  auroral  arc  of  approxi- 
mately class  2+  to  3 at  2218  Central 
Standard  Time  on  April  24.  Measure- 
ments were  obtained  from  108  km  to  21  7 
km  on  upleg  and  to  84  km  downleg.  NO+ 
was  the  major  ion  above  90  km.  However, 
reflecting  the  auroral  ionization,  0+  was 
significantly  enhanced  such  that  theOf/ 
C)2+  ratio  was  near  unity  above  140  km 
while  the  N0+/02+  ratio  was  almost 
constant  at  3.5  ± 0.5  above  115  km. 
Water  cluster  ions  were  observed  below 
87  km. 

Project  AEOLUS  was  highly  successful 
and  significant  results  on  the  polar  iono- 
sphere structure  and  dynamics  were  ob- 
tained. The  results  are  being  examined 
to  determine  the  possible  sources  and 
effects  of  Traveling  Ionospheric  Distur- 
bances. 
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A rocket  payload  consisting  of  a posi- 
tive ion  mass  spectrometer,  plasma  fre- 
quency probes  and  an  energetic  electron 
scintillator  was  launched  from  Fort 
Churchill, Canada,  on  April  28, 1976,  into 
a strong  auroral  form.  The  mass  spectro- 
meter was  programmed  to  measure  the 
energetic  spectrum  of  the  ionospheric 
species  which  from  earlier  experiments 
seemed  to  have  energies  in  excess  of  sev- 
eral electron  volts.  In  this  particular  flight 
there  was  no  evidence  that  the  major 
ionospheric  species  had  more  than  their 
normal  thermal  energies;  however,  there 
was  some  evidence  that  the  minor  ions, 
H+  and  He+,  had  suprathermal  energies. 


ION  MASS  MONITOR 


EXCEDE:  SWIR.  Positive  Ion  Mass  Spectrom- 
eter Data— note  the  change  in  the  relative 
concentrations  of  the  major  ions  (N+,  0+, 
HjO+,  Nj+,  NO+  and  Oj  ) as  a function  of 
the  beam  on  and  off  time.  The  dynamic  rang^ 
of  the  low  gain  channel  extends  from  10' 1 
to  10'6  amps,  the  high  gain  channel  from 
10‘16  to  10"' 1 amps. 


The  Air  Force/Defense  Nuclear  Agency 
EXCEDE:  SWIR  rocket  experiment  was 
primarily  designed  to  measure  the  spatial, 
spectral  and  temporal  nature  of  the  visible 
and  infrared  atmospheric  emissions  in- 
duced by  a pulsed  rocket-borne  energetic 
electron  gun  (3  kV,  1 ampere).  A specially 
programmed  positive  ion  mass  spectro- 
meter was  included  as  part  of  this  payload 
that  was  launched  on  a Sergeant  rocket 


into  a quiet  night  atmosphere  from  Poker 
Flat,  Alaska,  on  February  28,  1976. 

The  positive  ion  mass  spectrometer 
was  initiated  simultaneously  with  the 
electron  gun  turn-on  and  recorded  data 
of  excellent  quality  for  approximately 
120  seconds  in  the  altitude  range  68  to 
99  km.  The  sensitivity  of  the  instrument 
was  sufficient  to  measure  ambient  night- 
time ion  concentrations  to  densities  on 
the  order  of  1010  per  cubic  centimeter. 
The  actual  measurements  recorded  densi- 
ties from  approximately  10  to  10®  ions 
per  cubic  centimeter.  The  mass  spectro- 
meter included  a bias  plate  at  the  instru- 
ment sampling  point  maintained  at  a 
potential  that  was  periodically  stepped 
in  the  range  of  -30  to  -260  volts.  Initial 
analysis  of  the  data  indicates  the  vehicle 
potential  of  the  electron  emitting  payload 
was  seldom  greater  than  60  volts  positive 
with  a potential  substantially  less  than 
this  magnitude  for  the  major  portion  of 
the  experiment.  Complete  interpretation 
of  the  data  should  determine:  the  time- 
dependent  build-up  and  decay  of  ionic 
species  as  produced  by  the  pulsed  elec- 
tron beam;  the  ionization  content  of  the 
near  field  plasma;  the  variation  of  the 
time-dependent  abundances  as  a function 
of  altitude;  and  ionization  production 
yields,  charge  transfer  processes  and 
steady-state  concentrations  of  the  beam- 
induced  positive  ions. 

The  rocket-borne  pulsed  electron  beam 
technique,  as  demonstrated  in  this  experi- 
ment, provides  a controlled  ionization 
source  capable  of  measuring  detailed 
ionic  production  and  loss  processes  in 
addition  to  the  steady-state  concentra- 
tions typically  produced  during  nuclear 
and  natural  disturbances. 

In  J anuary  1 9 7 5,  rocket  measurements 
of  the  neutral  composition  of  the  atmo- 
spheric region  between  80  and  150  km 
were  made  at  Wallops  Island.  Other  rock- 
et measurements  included  density,  winds 
and  turbulence.  This  represented  the  first 
successful  flight  of  an  improved  cryosorp- 
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tion  pumped  mass  spectrometer.  These 
data  are  being  used  to  analyze  the  effects 
of  dynamic  processes  on  the  structure 
of  the  turbopause  region. 

Two  recently  developed  liquid  helium 
cryosorption  pumped  mass  spectrometer 
payloads  used  to  study  mesospheric 
neutral  composition  between  60  and  140 
km  were  launched  at  local  times  of  1:46 
pan.  and  11:15  pan.  on  September  18, 
1975  from  White  Sands  Missile  Range. 
The  instruments  performed  quite  well 
and  the  results  will  be  used  to  make  the 
first  evaluations  of  the  diurnal  variations 
of  the  neutral  species  in  the  mesosphere. 

A coordinated  rocket  program  includ- 
ing NASA,  Air  Force  and  universities 
was  conducted  at  Wallops  Island,  Virginia, 
in  January  1976  to  study  a Winter 
Absorption  Anomaly,  when  anomalous 
absorption  in  HF  occurs  during  certain 
winter  days.  Neutral  composition  mea- 
surements were  made  in  the  mesosphere 
and  lower  thermosphere  during  a quiet 
day  on  ] actuary  2 3 to  provide  background 
atmospheric  conditions  prior  to  a winter 
anomaly. 

Satellite  Measurements:  The  Air  Force 
S3-1  research  satellite  launched  late  in 
1974  provided  high  quality  data  until  its 
atmospheric  reentry  in  May  1975.  The 
satellite  was  designed  to  study  atmo- 
spheric and  ionospheric  structure  in  the 
low-altitude  region  between  150  and  500 
km.  Data  from  the  mass  spectrometers 
were  collected  on  about  2,000  orbits. 
Fatly  results  on  the  effects  of  geomag- 
netic storms  have  been  reported.  The  re- 
sults from  the  satellite  have  contributed 
substantially  to  our  understanding  of 
variations  in  the  upper  atmosphere  dur- 
ing periods  of  enhanced  geomagnetic 
activity. 

The  Air  Force  S3-2  research  satellite 
was  launched  late  in  1975.  The  set  of  ex- 
periments is  intended  to  study  the  cou- 
pling between  the  neutral  and  ionized 
parts  of  the  upper  atmosphere  and  to  pro- 
vide basic  data  on  atmospheric  physical 


~i 1 r-  — r 


60 
vf  * 
r , 

if  «. 


A / 


t r 


T , I'"!  UVJ  ' 


J AA  n. 


i r 


( At/Nj) 
(Af/Nz) 


A VV 


001  • 
2 r 


.Ac 

/>.« 

P„ 

/> 


I 10* 
1 00- 


Jt  M : J 

“ A V.  . * i .A 

-s.  \4  A 


W A ' 


e 9 10  II  12  13  14  IS 

NOVEMBER  1974 


The  mass  density  measured  by  a satellite  irv»ss 
spectrometer  and  accelerometer  shown  to- 
gether with  the  density  ratios  of  the  mass 
spectrometer  to  the  density  gauge  and  acceler- 
ometer. The  ground-level  separation  ratios 
of  AR/N2  during  the  magnetic  storm  period 
are  displayed.  All  of  the  data  applies  to  160 
km  altitude. 

processes.  Fhe  satellite  includes  14  instru- 
ments to  study  the  neutral  and  ionized 
species,  the  electric  and  magnetic  fields, 
and  the  energetic  particles.  The  experi- 
ments arc  from  the  Acronomy  Division 
and  Space  Physics  Division  of  AFGI,  and 
the  Aerospace  Corporation  Laboratories. 
All  of  the  experiments  have  been  provid- 
ing good  data  to  date.  Among  the  instru- 
ments from  the  Acronomy  Division  is  a 
mass  spectrometer  to  measure  the  com- 
position and  densities  of  the  neutral  and 
ion  species.  The  data  arc  collected  by  a 
programmed  sequencer  on  the  satellite 
from  altitudes  below  the  F-region  peak 
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and  into  the  lower  magnetosphere.  The 
predicted  reentry  for  the  satellite  is  early 
1979. 


Satellite  measurements  of  the  ratios  of  density 
changes  in  Ar,  N2,  and  O are  displayed  with 
the  O/N2  ratio  for  160  km  altitude  during  the 
same  geomagnetic  storms  as  in  the  previous 
figure. 

Ionospheric  Models: Two  unique  mod- 
els were  developed  for  disturbed  iono- 
spheric conditions.  A numerical  model 
for  a blanketing  sporadic  E layer  com- 
posed of  meteoric  ions  was  formulated 
and  validated  with  rocket  measurements 
of  ion  composition  and  neutral  winds 
during  a sporadic-K  event.  The  calcula- 
tions support  the  hypothesis  that  midla- 
titude sporadic-E  layers  arc  caused  mainly 
by  neutral  wind-induced  compression  of 
metallic  ions  resulting  from  meteor  abla- 
tion in  the  lower  E region. 

Another  model  was  developed  for  a 
strong  (Class  111)  aurora  and  shown  to  be 
in  good  agreement  with  the  measurements 
of  ion  composition  and  ionizing  particle 
fluxes.  Models  have  now  been  completed 
for  Class  1,  II  and  III  auroral  forms.  In  all 
cases  it  was  possible  to  deduce  the  con- 
centrations of  nitric  oxide,  a strong  IR 


emitter.  There  is  some  evidence  that  the 
nitric  oxide  concentrations  increase  with 
the  strength  of  the  aurora.  The  largest 
nitric  oxide  concentrations  obtained  are 
about  109  per  cubic  centimeter  near  1 10 
km.  These  models  have  been  used  for 
both  optical  and  communications  com- 
puter codes  for  Department  of  Defense 
systems. 

Mass  Spectrometer  Sampling:  An  ex- 
tended series  of  Monte  Carlo  calculations 
related  to  the  problem  of  sampling  posi- 
tive ions  in  the  ionosphere  has  been  car- 
ried out  during  the  last  two  years.  The 
problem  of  sampling  is  to  relate  the  in- 
dividual species  currents  ultimately  de- 
lected after  passage  through  a mass 
spectrometer  to  the  ambient  ionic  densi- 
ties which  give  rise  to  these  currents.  This 
relation  may  be  broken  into  two  com- 
ponents: first,  that  between  the  ambient 
densities  and  ion  flux  into  the  entrance 
of  the  spectrometer;  and  second,  that  be- 
tween the  entering  flux  and  the  current 
detected  after  passage  through  the  spec- 
trometer. The  second  of  these  may  be 
handled  by  a combined  theoretical/lab- 
oratory calibration  procedure.  Because 
the  ionosphere  cannot  be  simulated  in 
the  laboratory,  the  first  problem  must  be 
treated  theoretically  and  it  is  this  problem 
with  which  the  Monte  Carlo  calculations 
deal. 
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In  drawing  the  ambient  ions  into  a 
sample  orifice,  an  electric  field  is  used  to 
enhance  the  sampled  flux.  The  calcula- 
tions then  find  the  relationship  between 
the  ambient  density  and  the  orifice  flux 
as  a function  of  the  following  param- 
eters: ambient  Debye  length  and  mean 
free  path,  vehicle  velocity,  and  applied 
electric  potential.  For  each  set  of  pa- 
rameters a distinct  calculation  is  made. 

It  is  planned  in  the  future  to  extend 
these  calculations  to  the  negative  ion 
spectrometer. 

As  currently  operated,  negative  ion 
spectrometers  require  relatively  large 
draw-in  potentials  to  overcome  the  re- 
pelling effect  of  a negatively  charged  ve- 
hicle. This  large  potential  tends  to  frag- 
ment the  negative  ions,  resulting  in  a 
partial  degradation  of  the  composition 
measurements.  One  way  of  avoiding  this 
problem  is  to  stabilize  the  whole  vehicle 
at  some  small  positive  potential  with 
respect  to  the  ambient  plasma.  Over  the 
past  two  years  a system  for  accomplish- 
ing this  end  has  been  designed  and  tested. 
Two  payloads  fabricated  for  this  purpose 
consisted  of  a main  emission  system 
which  emitted  a stream  of  low-energy 
electrons  into  the  ambient  and  of  several 
diagnostic  instruments  used  to  measure 
the  vehicle  potential. 

The  first  of  two  Ute-Tomahawk  rocket 
payloads  launched  from  the  White  Sands 
Missile  Range  under  this  program  suf- 
fered a malfunction  of  the  main  emission 
system  and  essentially  no  data  were  ob- 
tained. The  second  payload  was  launched 
on  August  16,  1974.  The  main  emission 
system  as  well  as  most  of  the  diagnostic 
instruments  functioned  properly  and  in- 
dications arc  that  the  vehicle  was  driven 
to  a positive  potential.  With  appropriate 
modifications  such  an  emission  system 
could  be  incorporated  into  negative  ion 
spectrometer  payloads  and  thus  reduce 
the  incidence  of  negative-ion  fragmenta- 
tion. 


STRATOSPHERIC  ENVIRONMENT 
PROGRAM 

The  stratosphere  has  attracted  much  in- 
terest and  concern  during  the  last  few 
years  because  it  is  becoming  evident  that 
man’s  activities  can  cause  significant 
changes  in  his  natural  environment.  In 
particular,  much  concern  has  been  given 
to  the  production  of  nitrogen  oxides 
from  supersonic  aircraft  exhaust,  and 
chlorine  and  bromine  released  from  cer- 
tain halocarbons.  The  Air  Force  is  con- 
cerned about  the  stratosphere  and  its 
ozone  because  some  of  its  weapons  sys- 
tems operate  in  the  stratosphere  and 
careful  evaluations  must  be  made  to 
avoid  inadvertent  modification  of  the 
environment. 

The  stratosphere  is  commonly  defined 
to  be  that  region  of  the  lower  atmos- 
phere which  has  a positive  temperature 
gradient,  typically  lying  between  12  and 
50  km.  Both  its  existence  and  impor- 
tance are  due  to  the  minor  constituent 
ozone.  Stratospheric  ozone  is  directly 
important  to  man  as  a protective  shield 
against  harmful  solar  ultraviolet  radia- 
tion. Although  its  maximum  concentra- 
tion is  only  about  a few  parts  per  million, 
ozone  is  the  only  atmospheric  constitu- 
ent capable  of  filtering  out  solar  radia- 
tion between  200  and  300  nanometers. 
Ozone  has  an  even  more  important 
indirect  influence  on  the  atmosphere  be- 
cause the  radiation  balance  between  the 
sun,  ozone  and  carbon  dioxide  is  respon- 
sible for  the  natural  stratospheric  tem- 
perature inversion.  A modification  of 
this  inversion  could  have  a severe  impact 
on  global  climate. 

The  positive  temperature  gradient  of 
the  stratosphere  creates  a very  stable  re- 
gion which  minimizes  vertical  motion.  It 
is  precisely  this  strong  vertical  stability 
which  makes  it  very  difficult  to  see  how 
gaseous  pollutants  ever  find  their  way 
out  of  the  stratosphere.  Pollution  re- 
mains in  the  stratosphere  for  years,  all 
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the  time  chemically  reacting  to  reduce 
the  ozone  concentration.  Thus,  even 
small  quantities  of  pollution  can  have 
a large  effect  on  the  ozone. 

The  stratospheric  environment  pro- 
gram has  the  important  task  of  predicting 
what  environmental  changes  can  occur 
from  USAF  missile  and  aircraft  opera- 
tions in  the  stratosphere.  The  program  is 
proceeding  in  an  orderly  fashion  to 
measure  heretofore  unknown  minor 
stratospheric  constituents,  solar  energy 
deposition  and  pollution  transport  prop- 
erties and  residence  times  in  the  strato- 
sphere. These  measurements  will  he  con- 


dimensions  of  the  air  inlet  tube  on  the 
sample  chamber  are  varied  for  each  alti- 
tude investigated  to  provide  a flow  rate 
conducive  to  the  molecules  freezing  on 
first  contact  with  the  sampler  walls.  The 
sampler  is  suspended  60  meters  below 
the  balloon,  a large  diameter  extension 
of  the  air  inlet  tube  extends  6 meters  be- 
low the  gondola  and  sampling  is  acti- 
vated during  descent,  all  to  ensure  that 
the  air  being  sampled  has  not  been  con- 
taminated by  the  flight  package. 


ducted  with  unique,  state-of-the-art  in- 
struments flown  on  large  balloon  sys- 
tems. With  these  measurements,  pre- 
dictive models  are  being  developed  and 
tested.  During  the  next  several  years,  this 
effort  will  develop  a respected  scientific 
technology  base  and  predictive  tools 
necessary  to  determine  quantitative 
changes  in  the  stratosphere  occurring 
from  USAF  pollution  emissions.  The  Air 
Force  will  then  have  the  capability  for 
producing  scientifically  defensible  envir- 
onmental assessments  of  Air  Force  sys- 
tems and  flight  operations  in  the  strato- 
sphere as  required. 

Stratospheric  Composition  Measure- 
ments: Stratospheric  composition  is 
studied  through  a series  of  balloon  flights 
carrying  a cryogenically  cooled  container 
that  is  opened  at  altitude  to  capture  and 
freeze  one  mole  of  air  for  subsequent 
laboratory  analysis.  Obtaining  air  samples 
permits  a more  comprehensive  diagnos- 
tics program  than  is  possible  with  in-situ 
experiments.  Cryogenic  sampling  both 
allows  larger  sample  quantities  to  be  ob- 
tained and  inhibits  potential  chemical 
changes  within  the  sample.  Liquid 
helium  is  used  as  the  primary  cryogen  to 
freeze  out  whole  air  samples. 

The  sampler  and  electronic  control 
and  monitoring  circuitry  are  mounted  in 
a protective  frame  or  gondola.  The  sam 
pier  valve  is  remotely  activated  and  the 
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The  cryogenically  cooled  container  used  to 
study  stratospheric  composition.  It  is  opened 
at  altitude  to  r apture  and  freeze  one  mole  of 
air  for  subsequent  laboratory  analysis. 

Upon  retrieval,  the  sample  is  allowed 
to  warm  to  room  temperature  and  then 
is  injected  into  a chemiluminescence 
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analyzer  for  nitric  oxide  and  nitrogen 
dioxide  measurements  and  into  a gas 
chromatograph  and  mass  spectrograph 
for  analysis  of  total  sample  components. 
Multiple  diagnostics  improve  the  range 
anil  accuracy  of  measurements.  Since  the 
trace  constituents  are  present  typically 
in  the  parts  per  trillion  to  parts  per  bil- 
lion range,  special  care  has  to  he  taken  in 
the  choice  of  and  conditioning  of  all  sur- 
face materials  with  which  the  samples 
come  in  contact  so  that  the  container 
will  not  add  to,  subtract  from  or  chemi- 
cally alter  the  sample. 

Flights  were  conducted  at  two  middle 
latitudes  (California  and  New  Mexico) 
and  one  high-latitude  (Alaska)  and  at 
three  altitudes  (15,  20  and  SO  km), 
l'hcse  ranges  will  he  extended  to  include 
five  latitudes  and  six  altitudes.  The  sam- 
pling flights  will  he  repeated  each  year 
and  a correlation  will  he  attempted  be- 
tween any  trace  gas  variations  and  in- 
creased aircraft  use  of  the  stratosphere. 
I he  concentrations  of  nitric  oxide, 
nitrogen  dioxide,  nitrous  oxide  and 
fluorocarbons  I I and  1 2 have  been 
measured.  The  values  lie  within  the 
ranges  obtained  by  other  investigators 
and  will  be  considered  baseline  values  for 
future  comparisons. 

Stratosphere  UV  Radiation  Measure- 
ments: The  solar  radiation  in  the  wave- 
lengths between  200  and  310  nanome- 
ters will  be  measured  at  heights  up  to  40 
km  in  the  stratosphere.  The  solar  energy 
deposition  rate  will  be  calculated  from 
the  variation  of  the  solar  flux  with  alti- 
tude. The  absorption  spectrum  will  be 
examined  to  determine  ozone  density  as 
well  as  other  minor  species.  These  meas- 
urements will  be  made  by  a grating 
spectrometer  mounted  on  a biaxial  solar 
pointing  control.  The  spectrometer  has  a 
spectral  resolution  of  0.015  nanometer 
and  will  complete  the  designated  scan  in 
nine  minutes.  The  spectrometer  will  be 
carried  aloft  on  a high-altitude  balloon, 
with  measurements  made  as  a function 


ol  altitude  during  a sunrise  ascent  and 
descent  at  local  noon. 


Thr  cryogenic  air  sampler  ready  for  launch. 
The  sampler  is  suspended  60  meters  below 
the  balloon,  and  the  air  inlet  tube  t an  be  seen 
extending  6 meters  below  the  balloon. 


UV  Spectroscopy:  Gaps  of  informa- 
tion stdl  exist  for  certain  energy  ranges 
in  the  ultraviolet  and  vacuum  ultraviolet 
region  for  molecules  such  as  ozone,  oxy- 
gen, nitric  oxide  and  nitrogen.  By  the 
analysis  of  high-resolution  spectra,  classi- 
fication of  some  of  these  energy  levels 
has  been  made.  For  example,  rotational 
analyses  have  been  made  for  the  first 
time  of  oxygen  absorption  bands  at  wave- 
lengths less  than  100  nanometers.  This 
was  done  by  studying  the  80-90  nan- 
ometer absorption  bands  of  a long-lived 
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mctastablc  species  of  molecular  oxygen 
which  is  relatively  abundant  in  the  upper 
atmosphere.  In  addition,  high-resolution 
absorption  studies  of  oxygen  from  a 
shorter  lifetime  state  have  also  been 
made  and  energy  levels  classified  in  the 
128-160  nanometer  region.  For  ozone, 
the  origin  of  the  diffuse  Hartley-Huggins 
bands  in  the  critical  UV  region  do  not 
have  a satisfactory  explanation  and  are 
being  examined  in  terms  of  vibrational 
isotope  shifts  with  respect  to  pure  1 8Oj. 
High-resolution  studies  have  also  been 
made  for  perturbed  Rydberg  states  of 
nitrogen  and  hydrogen.  The  shifts  of 
these  rotational  levels  have  been  ana- 
lyzed and  de-perturbed  molecular  con- 
stants obtained. 

Besides  these  atmospheric  molecules, 
rare  gas  dimers  such  as  Ar2  and  Xe2  have 
been  examined  both  in  emission  and  ab- 
sorption. Analyses  have  been  primarily 
on  the  vibrational  structure  of  these 
bands  due  to  the  weakly  bound  nature 
of  the  ground  state.  Some  rotational 
analysis,  however,  has  been  made  for 
Ar2.  The  rare  gas  energy  levels  are  im- 
portant for  elucidating  the  energy  transi- 
tions in  vacuum  ultraviolet  lasers  and  for 
fundamental  studies  of  cluster  formation 
in  the  upper  atmosphere. 

Stratospheric  Turbulence  Measure- 
ments: Turbulence  in  the  stratosphere  is 
the  mechanism  by  which  the  constituents 
are  mixed  and  pollution  transported  out 
of  the  stratosphere.  How  long  pollution 
remains  in  the  stratosphere  is  determined 
from  measurements  of  the  turbulence 
present.  Several  measurement  techniques 
are  being  used  to  define  the  turbulence 
characteristics— persistence,  altitude  dis- 
tribution and  latitudinal  and  seasonal 
variations.  The  altitude  distribution  is 
measured  by  analysis  of  vertical  smoke 
trails  deposited  from  rockets.  The  smoke 
trails  are  photographed  repeatedly  to  re- 
cord the  position  changes  caused  by  the 
winds.  The  photographs  can  be  analyzed 
to  a remarkably  high  altitude  resolution 


of  10  meters  using  newly  developed 
techniques.  This  permits  identification 
of  thin,  pancake-like  layers  of  turbu- 
lence,. several  hundred  meters  in  thick- 
ness. A second  method  of  measuring 
turbulence  is  accomplished  using  a tur- 
bulence sensor  mounted  on  a balloon. 
With  this  in-situ  measurement  of  turbu- 
lence, the  balloon  sensor  can  be  allowed 
to  float  in  a turbulence  layer  for  long 
periods  of  time  to  record  the  lifetime 
of  the  turbulence  layer.  Seasonal  and  lat- 
itudinal dependence  or  turbulence  has 
been  studied  through  analysis  of  rocket 
grenade  data.  Existing  data  between  30 
and  90  km,  covering  the  latitude  region 
from  5 degrees  South  to  70  degrees 
North  and  the  winter  and  summer  sea- 
sons have  been  examined.  The  results 
demonstrate  that  the  winter  Northern 
Hemisphere  is  significantly  more  turbu- 
lent, in  the  upper  stratosphere  and  upper 
mesosphere,  than  in  the  summer  North- 
ern Hemisphere.  The  equatorial  regions 
display  little  or  no  turbulence  in  the 
stratosphere  or  lower  mesosphere,  a- 
round  70  km,  and  intensifying  signifi- 
cantly by  90  km.  These  results  are  more 
indicative  of  diurnal  tidal  effects,  as  con- 
trasted to  what  appears  to  be  an  internal 
gravity  wave  contribution  to  turbulence 
in  the  more  northern  latitudes. 

Stratospheric  Turbulence  Model:  The 
structure  of  turbulence  in  the  strato- 
sphere appears  to  be  rather  strange,  at 
first  sight,  to  someone  who  has  not 
studied  atmospheric  dynamics.  It  has  the 
form  of  large  horizontal  pancakes  that 
are  on  the  order  of  25  km  in  the  hori- 
zontal dimensions  but  quite  thin  in 
the  vertical  dimensions  (100  meters  to 
1 ,000  meters  being  values  quoted  in  the 
literature).  These  turbulent  layers  seem 
to  form  and  decay  at  random  heights 
and  random  times.  Most  of  the  strato- 
sphere is  essentially  non-turbulent  and 
the  volume  occupied  by  turbulent  layers 
is  probably  well  under  5 percent  on  the 
average. 
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The  question  addressed  by  this  work 
is  whether  these  random  “mixing  layers” 
can,  in  time,  have  the  effect  of  bringing 
pollution  out  of  the  stratosphere.  To 
answer  this  question,  a computer  model 
was  created  which  related  residence  time 
(or  the  “vertical  effective  diffusivity” 
coefficient  which  determines  residence 
time)  to  vertical  profiles  of  the  horizon- 
tal winds.  The  latter  were  obtained  from 
rocket-laid  smoke  trails  which  served  as 
fluid  markers.  The  computer  model  was 
based  on  the  theory  that  the  strato- 
spheric turbulent  layers  are  caused  by 
the  so-called  Kelvin-1  lelmholtz  instabil- 
ity. This  instability  is  generated  by  high 
wind  shears  in  a statically  stable  environ- 
ment and  it  is  responsible  for  that  type 
of  tropospheric  turbulence  known  as 
CAT  (clear  air  turbulence).  The  upshot 
of  this  study  was  that  within  the  context 
of  certain  assumptions,  stratospheric  tur- 
bulence may  indeed  play  a significant 
role  in  pollution  fallout.  The  calculated 
residence  times  were  in  the  same  general 
range  as  those  found  from  radioactive 
fallout  measurements.  The  assumptions 
of  the  model  arc  now  being  tested  with 
the  field  experiments.  The  same  phe- 
nomenon causes  the  pancake-shaped  tur- 
bulence layers  in  the  ocean  and  it  now 
seems  that  in  many  ways,  the  ocean  does 
a good  job  of  imitating  the  motions  of 
the  stratosphere. 

Stratospheric  Model  Development:  A 

new,  more  complete,  one-dimensional 
model  of  the  stratosphere  and  tropo- 
sphere is  currently  being  developed  at 
AFGL.  This  model  will  include  many  of 
the  feedback  mechanisms  which  arc  im- 
portant to  the  maintenance  of  the  cur- 
rent natural  environment  by  coupling 
together  radiation,  chemistry,  and  dy- 
namics. Such  a model  is  needed  because 
the  internal  coupling  in  the  atmosphere 
can  be  strong  enough  to  substantially 
magnify  or  reduce  the  overall  impact  of 
a particular  perturbation.  This  would 
represent  a major  step  in  the  develop- 


ment of  atmospheric  models  since  pres- 
ent models  are  not  flexible  enough  to 
include  all  three  systems. 

A new  mathematical  method  has  been 
developed  for  solving  the  linear  photon 
transport  equation  in  plane-parallel  ge- 
ometry. It  allows  a number  of  formal 
mathematical  properties  of  the  scalar 
flux  to  be  derived.  A computer  program 
based  upon  this  method  has  been  written 
and  tested  which  calculates  the  amount 
of  solar  ultraviolet  light  transmitted, 
absorbed  anti  reflected  by  the  earth’s 
stratosphere  if  the  average  ozone  concen- 
tration and  the  absorption  and  scattering 
cross  sections  are  known. 

Scientists  in  AFGL’s  Meteorology  Di- 
vision have  also  contributed  to  the  devel- 
opment of  stratospheric  models.  Their 
work  in  atmospheric  modeling  has  direct 
application  to  the  development  of  a 
global  stratospheric  model. 

The  turbulence  which  eventually  re- 
moves pollutants  from  the  stratosphere 
is  limited,  and  ultimately  damped  out, 
by  small-scale  diffusion  and  viscous  dis- 
sipation. The  problem  of  modeling  dif- 
fusion and  viscous  dissipation  is  the  same 
in  the  stratosphere  and  the  troposphere. 
If  diffusion  and  dissipation  arc  not 
strong  enough,  noise  coming  from  errors 
in  the  initial  data,  model  inadequacies 
from  improper  treatment  of  boundaries 
and  from  inadequate  resolution  will 
grow,  producing  inaccuracies  which  limit 
the  length  of  time  the  model  is  valid,  and 
possibly  making  the  model  unstable  and 
the  results  meaningless.  But  if  the  impor- 
tant cyclone-scale  waves  in  the  atmo- 
sphere are  damped  along  with  the  noise, 
the  predictions  become  too  smooth  and 
fail  to  forecast  adequately  newly  devel- 
oping disturbances.  Reducing  the  grid 
size  of  the  model  helps,  but  this  is  costly 
in  computer  time  and  dissipation  occurs 
on  a scale  too  small  to  be  represented 
explicitly  in  any  computer  model. 

Meteorology  Division  scientists  have 
devised  a digital  filter  which  appears  to 
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have  the  right  properties  to  control 
noise,  yet  not  suppress  physically  mean- 
ingful information  in  the  model.  It  has 
been  applied  in  a variety  of  numerical 
models  ranging  from  fine-mesh  limited 
area  models  and  channel  models  with 
solid  walls  to  large-scale  general  circula- 
tion models.  In  a test  run,  an  idealized 
cyclonic  storm  which  produced  strong 
frontal  zones  as  it  matured  was  followed. 
In  the  unfiltered  run,  energy  increasing 
in  the  smallest  scales  caused  short  wave- 
length waves  to  form  parallel  to  the 
frontal  zones.  The  filtered  run  main- 
tained the  same  large-scale  growth  of  the 
storm  and  the  frontal  zones  while  remov- 
ing the  unrealistic  smaller  scale  waves 
and  noise,  thus  modeling  more  realisti- 
cally atmospheric  diffusion  processes  on 
a subgrid  scale. 

ENVIRONMENTAL  ASSESSMENTS 

Detailed  studies  were  conducted  on  the 
modifications  to  the  natural  strato- 
spheric environment  which  could  be  ex- 
pected to  result  from  the  operations  of 
the  B-l,  F-15,  and  F-16  aircraft.  The 
quantities  of  nitric  oxide  exhausted  by 
these  aircraft  were  found  to  be  small 
enough  to  be  not  only  insignificant,  but 
also  undetectable  after  mixing  with  the 
atmosphere. 

Carbon  tetrachloride  (CC14)  has  long 
been  used  in  fire  extinguishers,  in  addi- 
tion to  its  commoner  use  as  a cleaning 
agent.  A fire  suppressant  system  using 
the  related  chemical  bromofluorometh- 
ane  (CFjBr),  which  is  more  effective 
than  carbon  tetrachloride,  was  planned 
for  the  F-16  aircraft.  But  bromine  is  an 
extremely  effective  catalyst  for  destroy- 
ing ozone;  therefore,  a study  was  con- 
ducted to  assess  the  potential  environ- 
mental hazard  of  this  fire  suppressant 
system.  The  results  showed  that  the 
amount  of  bromine  released  would  be 
much  less  than  the  amounts  released  by 
natural  sources,  and  furthermore  would 


not  be  sufficient  to  cause  a detectable 
change  in  the  natural  ozone  distribution. 


The  S3  series  of  satellites  carried  several 
AFGL-designrd  experiments,  including  3-axis 
accelerometers,  a mass  spectrometer,  density 
gauges  and  electrostatic  and  retarding  poten- 
tial analyzers  to  determine  the  density  and 
composition  of  the  upper  atmosphere.  Other 
experiments  measured  energetic  particles, 
electric  fields,  and  magnetic  fields. 


EXERCISE  PARADISE  AEOLUS 

AFGL  planned  and  conducted  an  ex- 
periment known  as  Exercise  PARADISE 
AEOLUS  (Auroral  Electrojet  Oscilla- 
tions and  Layering  of  the  Underlying 
Species)  to  investigate  the  production  of 
Traveling  Ionospheric  Disturbances 
(TIDs)  by  in  situ  measurements  near 
(hut  not  within)  the  region  of  the  atmo- 
sphere directly  perturbed  by  the  auroral 
elcctrojct.  TIDs  affect  UHF  radars,  such 
as  COBRA  DANE,  by  causing  range  and 
angle  enrors  and  by  modulating  the  auro- 
ral clutter. 

Particle  precipitation  in  the  auroral 
zone  lower  thermosphere  produces  oscil- 
lations of  the  neutral  temperature,  dens- 
ity, wind,  etc.,  cither  through  Iarrcntz 
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force  momentum  transfer  or  Joule  heat- 
ing. These  neutral  gas  waves  spread  out 
from  the  source  region  with  propagation 
velocities  that  are  anisotropic  and  fre- 
quency dependent,  producing  corre- 
sponding waves  in  the  ionized  constitu- 
ents by  which  they  are  detected.  Acous- 
tic, buoyancy  and  gravity  waves  should 
all  be  detectable  near  the  source,  hut  as 
the  distance  increases  the  dominant  con- 
tribution is  due  to  the  gravity  waves. 
Most,  if  not  all,  of  the  published  Til) 
observations  have  been  made  at  low  to 
mid-latitudes,  well  away  from  the  auro- 
ral zone,  and  hence  have  displayed  the 
characteristics  of  gravity  wave  pulses  and 
wave  trains.  I hese  observations  made  by 
radio  probing  of  the  mid  latitude  iono- 
sphere have  been  associated  with  auroral 
zone  sources  by  measuring  the  I ID  vel- 
ocities, extrapolating  back  to  an  auroral 
zone  source  and  searching  for  magneto- 
meter events  near  the  source  at  the 
appropriate  time  which  seem  capable  ol 
having  initiated  the  I II).  I'hcsc  studies 
have  not  provided  quantitative,  detailed, 
direct  evidence  on  the  auroral  zone 
source  mechanism,  its  coupling  to  the 
ionosphere,  or  the  identification  ol  high- 
ly correlated,  routinely  observable  pa- 
rameters or  indices  of  auroral  activity 
which  could  be  used  for  predictive  pur- 
poses. The  AEOLUS  experiment  was 
designed  to  provide  just  such  evidence. 

AEOLUS  was  a cooperative  venture  of 
several  groups  at  AFGL,  their  contrac- 
tors. and  the  Churchill  Research  Range 
of  the  National  Research  Council  of 
Canada.  The  basic  idea  was  to  search  for 
ionospheric  waves  in  situ  using  rocket- 
borne  measurement  techniques  both  in 
the  presence  and  absence  of  a significant 
auroral  electrojet,  hopefully  providing  a 
Yes/No  answer  to  the  question  of  wheth- 
er the  waves  are  produced  this  way.  Six 
chemical  release  rockets  and  three  mass 
spectrometer  rockets  constituted  the  pri- 
mary rocket  experiments.  Secondary  ex- 
periments carried  on  board  various  of 


these  rockets  were:  neutral  density  by 
falling  sphere,  electric  field  by  multiple 
probe;  hydroxyl  radical  and  molecular 
oxygen  emissions  by  photometers;  ther- 
mal and  energetic  electron  density  by 
plasma  frequency  probes  and  scintilla- 
tors. The  primary  ground-based  experi- 
ments were  the  real-time  monitoring  of 
the  location  and  strength  of  the  auroral 
electrojet,  anti  the  time-lapse  photo- 
graphic observation  of  the  chemical  re- 
leases. Secondary  ground  experiments 
were:  spcctroinetric  determination  of 
chemical  release  temperatures,  and  all- 
sky camera,  auroral  photometer  and 
ionosonde  observations  carried  out  by 
the  Churchill  Research  Range. 

The  program  was  divided  into  three 
nearly  identical  experiments,  each  in- 
volving the  launch  of  three  rockets.  The 
three  experiments  were  designated  Dis- 
turbed, Quiet,  and  Auroral.  Three  cri- 
teria had  to  be  met  before  launching 
each  of  the  experiment's:  1)  appropriate 
electrojet  conditions;  2)  clear  skies  at 
each  of  the  optical  sites,  and  3)  illumina- 
tion of  the  IMA  puffs  by  the  sun  against 
a dark  sky  (twilight)  for  Disturbed  and 
Quiet.  When  it  was  determined  that  the 
launch  criteria  were  met,  the  first  chemi- 
cal rocket  was  launched,  the  second  was 
launched  30  seconds  later,  and  the  mass 
spectrometer  rocket  300  seconds  later. 
The  first  rocket  released,  on  descent,  tri- 
mcthylaluminum  (TMA)  puffs  from 
apogee  with  a single  barium  release  near 
200  km.  The  second  rocket  released  a 
trail  on  ascent  anti  releases  identical  to 
the  first  rocket  on  descent.  Both  lockets 
were  designed  to  be  launched  on  azi- 
muths ol  120  degrees  and  150  degrees 
true  to  enable  horizontal  variations  of 
the  atmospheric  parameters  to  be  meas- 
ured. The  third  rocket  made  composi- 
tion measurements  on  ascent  and  de- 
scent and  was  designed  to  be  launched 
on  an  azimuth  of  135  degrees  in  an 
attempt  to  penetrate  one  of  the  ionized 
barium  clouds  from  the  first  two  rock- 
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ets.  The  Disturbed  experiment  was 
launched  at  morning  twilight  after  the 
electrojet  current  had  reached  500  kilo- 
amp  and  moved  100-200  km  away  from 
the  experiment  position  and  the  Quiet 
experiment  after  the  electrojet  current 
had  been  quieter  than  50  kiloamp  for 
three  hours  preceding  launch. 

The  Disturbed  rockets  were  launched 
at  twilight  near  1000  Universal  Time  on 
April  10,  1975  into  a region  150  km 
away  from  an  electrojet  which  fluctu- 
ated but  peaked  near  1 megamp  during 
the  minutes  preceding  launch.  All  major 
experiments  functioned.  The  Quiet  rock- 
ets were  launched  at  twilight  near  0915 
Universal  Time  on  April  21,  1975  after 
three  hours  with  no  electrojet  current 
above  50  kiloamp,  and  again,  all  major 
experiments  functioned.  The  auroral 
rockets  were  launched  at  night  into  a 
Class  3 aurora  near  0415  Universal  Time 
on  April  25,  1975.  All  three  sets  of 
launches  were  apparently  made  under 
optimum  conditions  and  good  to  excel- 
lent data  were  obtained  from  all  the 
major  experiments. 

Analysis  of  data  is  continuing  at  the 
present  time.  The  results  are  expected 
to  characterize  the  atmospheric  pertur- 
bations induced  by  the  auroral  electrojet 
during  the  Disturbed  and  Quiet  AEOLUS 
experiments.  Three  principal  results  are 
being  sought.  First,  the  chemical  release 
experiments  will  determine  a dynamical 
model  of  the  atmospheric  perturbations, 
giving  the  space-time  variations  of  the 
neutral  and  ion  winds,  shears  and  diffu- 
sion, neutral  temperatures  and  densities, 
and  electric  fields.  Second,  the  space- 
time  variations  of  the  atmospheric  pa- 
rameters measured  will  be  searched  for 
wavelike  motions,  and  detectability 
bounds  will  be  determined.  Finally,  the 
dynamical  model  will  be  correlated  with 
the  other  experimental  parameters  meas- 
ured, including  the  neutral  and  ion  mass 

spectra,  the  probe  electric  fields,  the 
neutral  density  profile  measured  by  fall- 


ing sphere  and  by  satellite  as  available, 
the  ground-based  magnetic  field  pertur- 
bations and  ionograms.  These  and  other 
routinely  observed  indicators  of  auroral, 
geomagnetic,  ionospheric  and  magneto- 
spheric  activity  will  be  searched  for  pre- 
dictive relations  between  them  and  the 
characteristics  of  the  electrojet  perturba- 
tions. 


SOLAR  ULTRAVIOLET  RADIATION 

Only  a small  fraction  of  the  sun’s  radia- 
tion is  emitted  in  the  ultraviolet  (UV), 
the  wavelength  region  from  30  to 
3500  angstroms,  but  it  is  all  absorbed 
by  atoms  and  molecules  in  the  atmo- 
sphere. For  this  reason,  it  is  the  principal 
source  of  heating  in  the  stratosphere, 
mesosphere,  and  thermosphere  and  has 
an  important  influence  on  the  photo- 
chemistry and  composition  of  these  at- 
mospheric regions.  Most  of  the  energy 
used  to  produce  the  ionosphere,  and 
much  of  the  energy  radiated  by  the  atmo- 
spheric airglow  envelope  surrounding  the 
earth,  comes  from  solar  UV  absorbed 
by  the  atmosphere. 

Quantitative  models  of  the  earth’s 
upper  atmosphere  and  ionosphere  arc 
constructed  to  predict  neutral  and 
charged  particle  density  distributions  and 
global  radiation  backgrounds.  They  re- 
quire accurate  measurements  of  the 
absolute  intensity  and  spectral  distribu- 
tion of  solar  radiation  incident  on  the 
earth’s  upper  atmosphere  as  input  data, 
as  well  as  the  rate  at  which  this  energy  is 
absorbed  within  the  atmosphere.  Mea- 
surements of  the  variation  with  time  of 
the  intensity  of  solar  UV  during  periods 
of  changing  solar  activity  and  during 
solar  flares  are  also  required  to  develop 
these  models.  Photometrically  calibrated 
optical  spectrometers  mated  with  solar 
pointing  controls  are  carried  by  rockets 
and  satellites  well  above  100  krr,  to  make 
these  measurements. 
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Rocket  Measurements  of  Solar  UV: 

The  altitudes  achieved  by  high  perfor- 
mance sounding  rockets  are  essentially 
01  ride  of  the  earth’s  atmosphere.  The 
optical  entrance  aperture  of  the  spectro- 
meter carried  on  the  rocket  is  pointed 
at  the  center  of  the  solar  disk  during 
data  acquisition.  Photomultipliers  are 
operated  as  photon  counters  to  record 
the  solar  intensities,  and  the  signals  are 
telemetered  to  ground  receiving  stations. 

During  this  reporting  period,  measure- 
ments of  solar  UV  in  the  1200  to  3500 
angstrom  range  have  been  emphasized, 
because  this  radiation  is  important  to  the 
stratosphere  and  mesosphere.  On  May  18, 
1976,  an  Ebert-Fastie  spectrometer  that 
scanned  from  1800  to  3500  angstroms 
wavelength  with  a spectral  resolution  of 
0.1  angstrom  was  flown  for  the  first  time 
from  White  Sands  Missile  Range,  New 
Mexico.  The  experiment  was  highly 
successful,  and  the  data  obtained  are  cur- 
rently being  analyzed.  The  entire  rocket 
payload  was  also  recovered  intact.  This 
spectrometer  will  be  flown  again  in  a 
rocket  during  October  1976,  while  a sim- 
ilar solar  pointed  spectrometer  is  flown 
in  a balloon.  The  rocket  spectrometer 
will  measure  the  solar  UV  intensity  inci- 
dent on  top  of  the  stratosphere,  while 
the  balloon  spectrometer  will  measure 
the  rate  at  which  this  radiation  is  absorb- 
ed within  the  stratosphere.  These  kinds 
of  data,  taken  simultaneously,  are  essen- 
tial for  the  study  of  photochemical  pro- 
cesses occurring  in  the  stratosphere  and 
for  the  development  of  stratospheric 
models.  Several  of  these  coordinated 
rocket  and  balloon  experiments  are  plan- 
ned to  establish  a data  base  for  solar  UV 
fluxes  for  stratospheric  studies.  A new 
Ebert-Fastie  spectrometer  has  been  de- 
signed to  expand  ihe  wavelength  cover- 
age and  use  the  rocket  payload  capacity 
more  efficiently.  It  will  be  flown  in  the 
near  future.  This  spectrometer  will  mea- 
sure the  solar  spectrum  over  the  entire 


1200  to  3500  angstrom  range  with  a 
resolution  of  0.1  angstrom. 

Future  DMSP  satellites  will  measure 
atmospheric  densities  remotely.  Instru- 
ments on  the  satellite  will  measure  the 
intensities  of  the  atmospheric  emission 
of  the  molecular  nitrogen  second  positive 
band  at  3371  angstroms  and  the  atomic 
oxygen  intercombination  line  at  1356 
angstroms.  These  airglow  emission  signals 
measured  at  the  satellite  will  be  decon- 
voluted  to  infer  the  airglow  emission  pro- 
files of  molecular  nitrogen  and  atomic 
oxygen  in  the  earth’s  atmosphere.  To 
verify  the  remote  measurement  capability 
of  the  DMSP  satellite,  experiments  flown 
on  rockets  will  be  coordinated  with  over- 
head passes  of  the  DMSP  satellite.  The 
rocket  will  measure  several  atmospheric 
parameters  while  the  satellite  observes 
airglow  radiation  emitted  in  the  atmo- 
spheric region  probed  by  the  rocket.  The 
rocket  experiment  will  measure  solar  UV 
absorption,  neutral  particle  densities, 
photoelcctron  energy  distributions  and 
densities,  and  molecular  nitrogen  and 
atomic  oxygen  airglow  radiation  at  3371 
and  1356  angstroms,  respectively.  These 
atmospheric  processes  and  parameters 
are  closely  interrelated.  Photoionization 
of  atmospheric  gases  by  solar  UV  pro- 
duces photoclectrons  with  energies  be- 
tween 0 and  100  electron  volts.  The 
photoelectrons  collisionally  excite  the 
atomic  and  molecular  species,  and  these 
excited  species  emit  the  atmospheric 
airglow.  Both  the  molecular  nitrogen  ra- 
diation at  3371  angstroms  and  the  atomic 
oxygen  radiation  at  1356  angstroms  are 
produced  only  by  photoelcctron  excita- 
tion. The  emission  intensities  depend  on 
the  densities  of  molecular  nitrogen  and 
atomic  oxygen  and  the  number  and 
energy  distribution  of  the  atmospheric 
photoelectrons. 

The  rocket  payload  was  test  flown 
from  White  Sands  Missile  Range,  New 
Mexico,  on  February  24,  1976.  This  pay- 
load  included  a grazing-incidence  spectro- 
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meter  that  measured  the  atmospheric 
absorption  of  four  particular  solar  UV 
emission  lines.  The  absorption  data,  when 
combined  with  absorption  cross  sections 
of  the  atmospheric  constituents,  allow 
the  vertical  density  distribution  of  the 
atmospheric  constituents  to  be  deter- 
mined. The  energy  distribution  of  atmos- 
pheric photoelectrons  having  0 to  100 
electron  volts  energv  was  obtained  with 
an  electron  energy  analyzer  with  a 10 
percent  resolution  in  energy.  This  ana- 
lyzer was  mounted  at  the  rear  of  the  solar 
pointed  spectrometer  so  that  its  entrance 
aperture  viewed  away  from  the  sun.  This 
orientation  shields  the  aperture  of  the 
analyzer  from  the  extraneous  photoelec- 
trons that  direct  solar  radiation  would 
produce.  This  rocket  payload  also  in- 
cluded a narrowband  photometer  to  mea- 
sure the  molecular  nitrogen  airglow  band 
near  3371  angstroms.  It  was  equipped 
with  a collimator  and  sunshade,  and  was 
pointed  to  view  the  atmosphere  near  ze- 
nith. Although  high  levels  of  stray  light 
degraded  the  measurements  of  nitrogen 
airglow  radiation,  excellent  data  were  ob- 
tained on  photoelectron  densities  and  en- 
ergy distributions,  and  on  neutral  particle 
densities.  These  data  are  now  being  ana- 
lyzed. On  future  flights,  a photometer  to 
measure  the  1356  angstrom  oxygen  air- 
glow radiation  will  be  included. 

Satellite  Measurements:  Satellite-borne 
optical  spectrometers  allow  nearly  con- 
tinuous measurements  of  solar  UV  inten- 
sities during  extended  periods  of  time. 
The  data  collected  allow  long-term  varia- 
tions of  solar  UV,  caused  by  changing 
solar  activity  levels,  to  be  studied.  The 
nearly  continuous  time  coverage  also 
increases  the  probability  of  measuring 
solar  UV  enhancement  during  solar  flares, 
which  are  unpredictable  and  last  only  a 
few  minutes.  The  satellite  spectrometer 
can  also  measure  the  attenuation  of  solar 
UV  by  the  earth’s  atmosphere  when  the 
satellite  penetrates  the  atmosphere  as  well 


as  during  periods  of  solar  occultation  at 
satellite  sunrise  and  sunset. 


Schematic  of  AFGL  satellite  experiment  CRL- 
246  to  measure  global  UV  radiation  levels  b-y 
usin^  an  Ebert-Fastie  spectrometer  (top)  and 
a broad-band  photometer  (bottom). 


AFGL  has  designed  and  supplied  three 
solar  UV  spectrometers  as  part  of  the 
NASA  Atmosphere  Explorer  (AE)  series 
satellites.  The  first  satellite,  AE-C,  was 
successfully  launched  into  an  orbit  having 
an  inclination  of  65  degrees  on  December 
16,  1973.  This  experiment  is  still  return- 
ing data.  Two  additional  satellites,  AE-D 
and  AE-E,  were  launched  on  October  6 
and  November  19,  1975,  in  near-polar 
and  near-equatorial  orbits.  The  UV'  spec- 
trometers in  both  of  these  satellites  oper- 
ated satisfactorily,  although  the  polar- 
orbiting  AE-D  satellite  became  inoper- 
ative approximately  one  month  after 
launch. 
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The  spectrometers  on  the  Atmosphere 
Explorer  satellites  are  composed  of  24 
individual  grazing-incidence  monochro- 
mators, making  up  a single  instrument  to 
obtain  solar  UV  intensity  data  from  140 
to  1850  angstroms  as  well  as  at  several 
fixed  wavelengths.  Each  orbit  of  the 
satellite  has  a nominal  perigee  of  150  km 
and  an  apogee  of  4,000  km.  The  satellite 
has  a motor  that  can  be  fired  at  apogee, 
allowing  occasional  perigee  passes  down 
to  120  km.  The  low  perigee  altitude  per- 
mits the  attenuation  of  particular  solar 
emission  lines  by  the  earth’s  atmosphere 
to  be  determined.  The  measured  attenua- 
tion, combined  with  absorption  cross 
sections  of  atmospheric  gases,  yields  a 
determination  of  the  composition,  den- 
sity, and  temperature  of  the  upper  atmo- 
sphere. Similar  atmospheric  parameters 
can  be  determined  by  solar  occultation 
of  the  earth’s  atmosphere  at  satellite 
sunrise  and  sunset.  During  that  part  of 
the  orbit  when  the  satellite  is  above  the 
absorbing  region  of  the  earth’s  atmo- 
sphere but  below  the  energetic  particle 
belts,  the  UV  spectrometers  can  measure 
the  unattenuated  solar  intensities  and 
their  temporal  variations  incident  on  the 
earth’s  atmosphere. 

During  this  reporting  period,  a con- 
siderable amount  of  data  on  solar  UV  in- 
tensities within  and  above  the  absorbing 
region  of  the  earth's  atmosphere  have 
been  acquired  and  analyzed  to  study  the 
relation  between  solar  UV  variations  and 
changes  in  the  atmosphere  between  100 
and  400  km.  These  satellite  experiments 
have  made  it  possible  to  determine,  in 
detail,  variations  of  solar  UV  in  different 
bands  and  emission  lines,  which  occur 
over  several  solar  rotations.  These  varia- 
tions are  notably  different  for  different 
wavelength  regions,  since  the  radiation  is 
emitted  from  different  regions  in  the 
solar  atmosphere.  Data  are  still  being  ac- 
quired from  these  satellites  and  analyzed, 
and  it  is  anticipated  that  more  significant 
information  of  the  relationship  of  solar 


UV  and  conditions  in  the  earth’s  upper 
atmosphere  will  be  accumulated. 

Missile  Plumes:  Surveillance,  threat 
warning  and  technical  intelligence  can  all 
use  the  ultraviolet  radiation  emitted  by 
missile  exhaust  plumes.  AFGL’s  Multi- 
spectral  Measurements  Program  (MSMP) 
includes  both  ultraviolet  and  infrared 
sensors.  The  Aeronomy  Division  will 
supply  the  ultraviolet  photometers  and 
spectrometers  which  will  be  flown  in 
rockets  to  measure  the  spatial,  spectral, 
and  temporal  characteristics  of  the  plume 
radiation.  A previous  program,  Project 
Chaser,  measured  the  radiation  from  large 
missile  engines.  The  MSMP  will  use  spe- 
cially developed  sensors  with  one  and  two 
dimensional  detector  arrays  to  obtain 
spatial  and  spectral  readouts  electronical- 
ly. The  missile  targets  will  have  the  alti- 
tudes, velocities,  and  aspect  angles  of 
actual  missile  systems,  which  will  nearly 
eliminate  “scaling”  from  measurement 
to  operational  conditions.  The  first 
MSMP  flight  is  scheduled  for  October 
1977. 

Atmospheric  UV  Measurements:  To 

improve  satellite  detection,  tracking,  and 
attack  assessment,  the  atmospheric  emis- 
sion must  be  known  in  detail  because  it 
forms  the  background  against  which  mis- 
sile targets  must  be  observed.  An  experi- 
ment to  measure  global  UV  radiation  has 
been  largely  fabricated,  and  will  be 
launched  on  an  Air  Force  satellite  in 
1977.  The  experiment  will  achieve  spec- 
tral resolution  of  1 angstrom  by  using  an 
Ebert-Fastie  spectrometer,  and  spatial 
resolution  of  1 km  by  using  a broad-band 
photometer.  The  work  is  closely  related 
to  previous  missile  plume  radiation  mea- 
surements. The  results  of  the  two  efforts 
will  allow  a complete  and  reasonably  de- 
finitive statement  on  surveillance  uses  of 
ultraviolet. 

Ultraviolet  limb  horizon  profiles  will 
be  measured  to  provide  information  for 
development  of  UV  horizon  sensors  for 
spacecraft  attitude  control.  The  primary 
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unknown  is  the  strength  and  global  dis- 
tribution of  the  Lyman-Birge-Hopfield 
bands  of  molecular  nitrogen,  which  occur 
in  a wavelength  region  which  otherwise 
has  a low  atmospheric  radiance,  because 
the  Schumann-Runge  continuum  band 
of  molecular  oxygen  absorbs  the  radia- 
tion. In  addition,  the  intensities  and  dis- 
tribution of  the  oxygen  emission  lines  at 
1304  and  1356  angstroms  will  be  corre- 
lated with  atmospheric,  ionospheric,  and 
auroral  parameters,  so  that  passive  sensors 
oi  quantities  such  as  the  electron  density 
profile  can  be  developed.  Where  feasible, 
missile  target  measurements  will  be  con- 
ducted. 

Reaction  Cross  Sections:  The  interac- 
tion of  ultraviolet  photons  with  atmo- 
spheric gas  molecules  determines  the  ex- 
tent and  severity  of  blackouts  from  atmos- 
pheric nuclear  detonations,  as  well  as 
ionospheric  and  stratospheric  characteris- 
tics. Values  for  these  interaction  cross 
sections  are  being  determined  both  by 
in-house  work  and  critical  reviews  of  the 
literature.  Reports  of  cross  section  values 
at  solar  emission  lines  and  at  emission 
lines  produced  by  nuclear  detonations 
are  being  prepared  for  the  Defense  Nu- 
clear Agency  and  other  users.  These  pho- 
ton cross  sections  are  especially  impor- 
tant in  predicting  the  effects  of  high- 
altitude  nuclear  bursts,  where  the  UV 
fireball  is  a dominant  feature.  They  are 
also  primary  inputs  to  computer  codes 
such  as  ROSCOE,  RANC  IV,  and  WEPH, 
which  model  the  blackout  and  return  to 
ambient  conditions. 

Molecular  Nitrogen  Spectra:  The  lack 
of  high -resolution  spectroscopic  data  has 
kept  our  knowledge  of  the  high  energy 
Rydberg  states  of  molecular  nitrogen 
incomplete.  During  this  reporting  period, 
measurement  and  analysis  of  high-resolu- 
tion absorption  spectra  in  the  680-950 
angstrom  wavelength  region  has  provided 
additional  information  on  these  Rydberg 
states  of  nitrogen.  The  upper  states  in 
these  optical  transitions  are  Rydberg 


states  converging  on  the  first  excited  state 
of  the  molecular  ion,  N^.  Two  distinct 
series  were  identified  with  rotational 
quantum  numbers  up  to  40  and  vibra- 
tional quantum  numbers  up  to  7.  Accu- 
rate values  for  the  convergence  limits  for 
the  Rydberg  states  were  obtained. 
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J.  of  Geophys.  Res.  (1  February  1975) 


Ogawa.M.  , Yamawaki.  K.  R. 

(Umv.  of  So.  Calif.).  I lASHIZUME,  A.  (Natl.  Chrm. 
I.ab.  for  Ind.,  Tokyo,  Jap.),  and  lANAKA,\  . 


Vibrational  Isotope  Shifts  of  Absorption  Bands  of 
l602  and  ‘®02  in  the  Region  11301300  A 
J.  of  Mol.  Spcctro,.,  Vol.  55  (1975) 


Rosenberg,  N.W.,  and  Dew  an,  E.M. 

Stratospheric  Turbulence  and  Vertical  Effective  Dif- 
fusion Coefficients 

Proc.  of  Climatic  Impact  Assessment  Program  Mlg., 
Feb.  1974  (November  1974) 
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Rosenberg,  N.  W.  .Good,  R.  E.  .Vickery, 
VV.K.  ,md  Dew  an,  E.M. 

Experimental  Investigation  of  Small  Scale  Transport 
Mechanisms  in  the  Stratosphere 
AIAAJ.,  Vol.  12,  No.  8 (August  1974) 


Sherman,  C. 

Barium  Zirconate  Thermionic  Cathodes 
Rev.  of  Sci.  Instms.  (September  1974) 

Smith,  E.  R. 

Electron- Impact  Excitation  of  Atomic  Oxygen 
Phys.  Rev.  A,  Vol.  13  (1976) 

Angular  Distributions  of  Photoelectrons  from  Atomic 
Oxygen 

The  Phys.  Rev.,  Vol.  13,  No.  3 (March  1976) 

SWIDER,  VV. 

Chemical  Excitation  of  Oj  (^g)  tn  Auroras 

J.  of  Geophys.  Res.,  Vol.  79,  No.  22  (August  1974) 

The  D-  and  E-Regions 

Atm.  of  Earth  and  the  Planets,  Ed.  by  B.  M.  McCormac, 
D.  Reidel  Pub.  Co.  (1975) 

Atmospheric  Formation  of  NO  from  N 2 (A  T>) 
Geophys.  Res.  Ltrs.,  Vol.  3,  No.  6(1  June  1976) 

SWIDER,  VV.,  and  L)EAN,  VV.  A.  (U.  S.  Army 
Ballistic  Res.  Lab.,  Aberdeen,  Md.) 

Effective  Electron  Recombination  Coefficient  of  the 

Disturbed  Daytime  D-Region 

J.  of  Geophys.  Res.,  Vol.  80  (1  May  1975) 

SWIDER,  VV.  .and  NARCISI,  R.  S. 

Ion  Composition  of  a Class  II  Aurora.  2.  Model 
J.  of  Geophys.  Res.,  Vol.  79,  No.  19  (July  1974) 

A Study  of  the  Nighttime  D-Region  During  a PCA 
Event 

J.  of  Geophys.  Res.  (February  1975) 


Tattlelman,  P.I. 

Surface  Gustiness  and  Wind  Speed  Range  as  a Function 

of  Time  Interval  and  Mean  Wind  Speed 

J.  of  Appl.  Met.,  Vol.  14,  No.  7 (October  1975) 

Van  Tassel,  R.  A„  and  Paulsen,  D.  E. 

Rayleigh,  the  Unit  for  Light  Radiance:  Comment 
Appl.  Opt.,  Vol.  14  (March  1975) 


Weeks,  L.  H. 

Observation  of  O 2 Variability  at  Midlatitudes  from 

1450  A Measurements 

J.  of  Geophys.  Res.,  Vol.  80  (1975) 

Determination  of  O 2 Density  from  Lyman-a  Ion  Cham- 
bers 

J.  of  Geophys.  Res.,  Vol.  80  (1975) 


Yoshino,  K.  .Tanaka,  Y.,  and  Carroll, 
P.  K. , Mitchell,  P.  (Phys,  Dept.,  Univ.  Coil., 

Dublin,  Ire.) 

High  Resolution  Absorption  Spectrum  of  N 2 in  the 
Vacuum-UV  Region.  O 3,  4 lJTu  X 1 £ g Bands 
J.  of  Mol  Spectros.,  Vol.  54,  No.  1 (January  1975) 


Zimmerman,  S.P. 

Turbulence  Observed  tn  Electron  Density  Fluctuations 
in  the  Equatorial  E-Region  Over  Thumba.  India- A 
Reanalysis 

J.  of  Geophys.  Res.,  Vol.  81  (1976) 

Zimmerman,  S.  P., and  Keneshea.  T.J . 

Appendix  3 to  U.  S.  Standard  Atmosphere  — 1976 
U.  S.  Govt.  Prtg.  Off.,  Wash.,  D.  C.  (1976) 


Takezawa.  S.  .and Tanaka,  Y. 

The  Absorption  Spectrum  0ffljL  ,n  the  Vacuum-UV 
Region,  Rydberg  Bands,  npa  £u  +X  1 £ g and 
np1Tj\uX  * with  n ' 4 - 6,  and  the  Ionization  Energy 
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Tanaka,  Y. . Yoshino,  K. , and  Freeman,  D. 

E. 

Vacuum  Ultraviolet  Absorption  Spectrum  of  the  van 
der  Wools  Molecule  Xe2.  Part  I.  Excited  Electronic 
States 
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Emission  Spectra  of  Heteronuclear  Diatomic  Rare  Gas 
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J.  of  Chem.  Phys.,  Vol.  62  (1975) 


PAPERS  PRESENTED  AT  MEETINGS 
JULY  1974  - JUNE  1976 

Bertoni,  E.  A. 

USA E In- f light  Line-of-Sight  Program 
1 1th  Mtg.  of  NATO  AC/225  (Panel  XII),  NATO  Hq., 
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Brace,  L.  H. , Mayr,  H.  G. , Hoegy,  VV.  R. 

(NASA  Goddard  Space  Fit.  Ctr.,  Greenbelt,  Md.),  and 
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The  Thermospheric  Electron  Heat  Balance  from  AE-C 
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AM.  Geophys.  Union  1974  Fall  Ann.  Mtg.,  San 
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Some  Highlights  of  Atmosphere  Explorer-C  Investiga- 
tions 

18th  Plenary  Comm,  on  Space  Res.  (COSPAR)  Mtg., 
Varna,  Bulgaria  (29  May  - 7 June  1975) 


Coi.E,  A.  E. 

International  Standards  Organization  (ISO)  Reference 
Atmospheres 

5th  Mtg.  of  the  Inti.  Stds.  Orgn.  Working  (ip.  on  Std. 
and  Ref.  Atm.,  London,  Eng.  (27-29  November  1974) 

Corbin,  V.  L., Olsen,  R.  (White  Sand,  Missile 

Range,  N.  M.),  and  F AIRE,  A.  C 

Atmospheric  Structure  /‘urometers  During  Disturbed 

Wintertime  Conditions  at  White  Sands 

56th  Ann.  Am.  Geophys.  Union  Mtg..  Wash.,  D.  C. 

(16-20  June  1975) 


IJEWAN,  E.M. 

Ball  Lightning 

Dept,  of  Atm.  Sci.,  State  llniv.  of  N.  Y.  at  Albany,  N.  Y. 
(12  May  1975) 


Faire.  A C„  Corbin,  V.  L. . and  Qiampion, 

K.  S.VV. 

Diurnal  Variations  in  Neutral  Density  and  temperature 
Observed  at  Natal,  Brazil 

Comm,  on  Space  Res.  (COSPAR)  Mtg.,  Varna,  Bulgaria 
(29  May  7 June  1975) 

Freeman,  l).  F. 

Electronic  Spectra  of  Weakly  Hound  Diatomic  Rare 
Gas  Molecules 

Srm.,  Mass.  Inst,  of  Tcchnol.,  Cambridge,  Mass.  (6 
May  1975) 

Freeman,  I).  E. , Yoshino,  K.,  and 
Tanaka.  V. 

Vacuum  Ultraviolet  Absorption  Spectra  of  Hetero- 
nuclear  Diatomic  Rare  Gas  Molecules 
28th  Ann.  Gaseous  Elect.  Conf.,  Univ.  of  Mo.  -Rolla, 
Mo.  (21-24  October  1975) 


Gallagher,  C.C. 

Wave  Heating  of  Plasma  in  a Toroidal  Cusp  (Tormac) 
Am.  Phys.  Sot.  Mtg.,  Albuquerque,  N.  M.  (28-3 1 
October  1974) 


Garrett,  H.  B.,  ist  lt„ and  Forbes, J.M. 

(Harvard  Univ.,  Cambridge,  Mass.) 

Observations  of  a Zonal  Wavtmumber  Two  Variation 
in  Total  Mass  Density  Hear  145  Km 
56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


Gringorten,  I . I . 

On  the  Use  of  Stochastic  Models  of  Simultaneous 
Critical  Weather  Condition  in  an  Area 
4th  Conf.  on  Stochastic  Processes,  York  Univ.,  Toronto 
(Downsview),  Ont.,  Can.  (4-9  August  1974) 

.4  Statistical  Study  of  PPT  Scope  Radar  Pictures 
4th  Conf.  on  Probability  and  Stat.  in  Atm.  Sci., 
Tallahassee,  Fla.  (18-21  November  1975) 

To  Find  Computer  Algorithms  for  Models  of  the  Ex- 
tent of  Weather  Conditions  in  Time  and  Space 
Symp.  on  Appl.  of  Stat.,  Wright  State  Univ.,  Dayton, 
Ohio  (14-18  June  1976) 


IhNTEREGGER.  II.  E. 

EVV  Fluxes  in  the  Solar  Spectrum  Below  2000  A° 

1975  Inti.  Assn,  for  Geoinag.  and  Aeron.  (IAGA) 
Symp.,  Grenoble,  Fr.  (25  August  6 September  1975) 

UlNTEREGGER,  H.  E.,  BEDO,  1).  E.,and 
NIanson.J  . E. 

Solar  Extreme  Ultraviolet  Measurements  for  Aeronomi- 
cal  Objectives 

AIAA  13th  Aerosp.  Sci.  Mtg.,  Pasadena,  Calif.  (20-22 
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UlNTEREGGER,  IE  E.,IIER0UX,  L.  | .,  BEDO, 

1).  E ...NIanson.J . FT, and  IIiggins'J.  FI 

Satellite-Observed  Variations  of  Solar  EUV  Fluxes  in 
1974  and  Spectrophotometric  Calibration  by  a Rocket 
Experiment 

Am.  Geophys.  Union  1974  Fall  Ann.  Nltg.,  San  Francisco, 
Calif.  (12-17  December  1974) 


Innes.  F.  R. 

Adjointure  and  Phases  for  Spherical  Functions  and 
Operators 

Atomic  Spectros.  Symp.,  Natl.  Bur.  of  Stds.,  Gaithers- 
burg, Md.  (23-26  September  1975) 


Fvantor,  A.J . 

Character  of  the  Meteorological  Equator  in  the  Strato- 
sphere and  Mesosphere 

6th  Conf.  on  Aerosp.  and  Aero.  Met.,  F.l  Paso,  Tex. 
(12-14  November  1974) 

KENESHEA.T.J  .,  and  ZIMMERMAN,  S.  P. 
Dynamical  Calculations  of  a Major  and  Minor  Neutral 
Species  from  50  to  400  Km  Using  Measured  Transport 
Coefficients 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  I).  C. 
(16*20  June  1975) 

Lund,  1.  A. 

Cloud-Free  Lines-of-Sight  Through  the  Atmosphere 
Nall.  Tckcomm.  Conf.,  San  Dirgo,  Calif.  (2-4  Decrmbcr 
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Lund,  I . A.,  and  Grantham,  D.  D. 

A Model  for  Estimating  Joint  Probabilities  of  Cloud- 
Free  Line s-of- Sight  from  Unconditional  Probabilities 
6th  Conf.  on  Acrosp.  and  Aero.  Met.,  El  Paso,  Tex. 
(1214  November  1974) 

Estimating  Hourly  Persistence  and  Recurrence  Proba- 
bilities of  Temperature 

4th  Conf.  on  Probability  and  Stat.  in  Atm.  Sci., 
Tallahassee,  Fla.  (18-21  November  1975) 

A Model  for  Estimating  Joint  Probabilities  of  Weather 
Events 

Mil  Ops.  Res.  Soc.  Mtg.,  Ft.  Bliss,  Tex.  (22-24  June 
1976) 


Marcos,  F.  A.  Philbrick,  G R., 

and  RlCE,  C.J.  (Acrosp.  Corp.,  El  Segundo, 

Calif.) 

Correlative  Satellite  Measurements  of  Atmospheric 
Mass  Density  by  Accelerometers,  Mass  Spectrometers 
and  Ionization  Gauges 

19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 

Murad,  E. 

The  Reaction  of  N+  and  with  AfjO 

Spring  Mtgs.  of  the  Am.  Chcm.  Soc.,  Philadelphia, 

Pa.  (6-11  April  1975) 


Murad,  E.  ,and  HILDENBRAND,  D.  L.  (Stan- 
and  NaRCISI,  ford  Res.  Inst.,  Menlo  Pk.,  Calif.) 

The  Dissociation  Energy  of  Europium  Monoxide 
Numerical  Modeling  of  a Metal  Ion  Sporadic  E Layer  Am.  Chcm.  Soc.  Mtg.,  Chicago,  111.  (24-29  August 
Recent  Adv.  in  the  Phys.  and  Chcm.  of  the  E-Region  1975) 

Mtg.,  Boulder,  Colo.  (13-15  August  1974) 


Mac  Leod,  M.  A.,  Keneshea,  T.  J 
R.S. 


Manson,J.E. 

Solar  Spectral  Irradiance  Between  10  and  300  Angstroms 
NASA  and  NCAR/High  Alt.  Obsv.  Solar  Output  Wkshp., 
Univ.  of  Colo.,  Boulder,  Colo.  (26-28  April  1976) 
Radiometric  Calibration  in  the  160-304  A Region 
4th  Wkshp.  on  VUV  Radiometric  Calibration  of  Space 
Exp.,  NCAR,  Boulder,  Colo.  (29-30  April  1976) 


Marcos,  F.a\. 

Neutral  Density  Variations  from  Simultaneous  Acceler- 
ometer Measurements  on  Two  Satellites 
56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


Marcos  F.  A.,  Champion,  K.S.YV 
and  Potter.  VV.  E., Kayser,  D. C.  (univ.  of 

Minn.) 

Density  and  Composition  of  the  Neutral  Atmosphere 
at  140  Km  from  Atmosphere  Explorer-C  Satellite  Data 
1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.C.  (12  16  April  1976) 

19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 


Murphy,  E.  A., and  Zimmerman,  S.P. 

Stratospheric  and  Mesospheric  Turbulence 

19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 

Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 


Mdses,  H.  E. 

A Two- Level  Approximation  to  the  Resonance  Scatter- 
ing  of  Lyman-a  Radiation  by  H Atoms  in  the  Ground 
State 

Mtg.  of  Am.  Phys.  Soc.,  New  York,  N.  Y.  (2-5 
February  1976) 


Narcisi,  R.  S. 

Negative  Ion  Composition  of  the  D and  E Regions 
16th  Gen.  Asbly.  of  the  Inti.  Union  of  Geod.  and 
Geophys.  (IUGG),  Grenoble,  Fr.  (25  August  - 6 Sep- 
tember 1975) 

Lower  Ionosphere  Physics 

AIAA  4th  Sounding  Rocket  Technol.  Conf.,  Boston, 
Mass.  (23-25  June  1976) 


Narcisi,  R.  S.,  Bailey,  A.  D.,  Sherman,  C., 

and  WtODYKA,  L. 

On  Associative  Electron  Detachment  Processes  fn  the 
Ionospheric  D Region 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C.  (16-20 
June  1975) 


Marcos,  F.  A., Garrett,  H.  B.,and  Forbes, 

J . M.  (Boston  ColL,  Chestnut  Hill,  Mass.) 

Lower  Thermospheric  Density  Variations  from  the 
Atmosphere  Explorer-C  Accelerometer  Experiment 
Am.  Geophys.  Union  Fall  Mtg.,  San  Francisco,  Calif. 
(8-12  December  1975) 


Paulson, J . F.,and  Gale,  P.J .,  Henchman,  M. 

J . (Brandrii  Univ.,  Waltham,  Man.) 

A Quantitative  Investigation  of  the  Role  of  Franck 
Condon  Factors  in  Charge  Ttansfer  Reactions 
23rd  Ann.  Conf.  on  Mass  Spectrom.  and  Allied  Topics, 
Houston,  Tex.  (May  1975) 
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Philbrick,  C.  R. 

Recent  Satellite  Measurements  of  Upper  Atmospheric 
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Comm,  on  Space  Res.  (COSPAR)  Mtg.,  Varna,  Bulgaria 
(29-31  May  1975) 

Philbrick, C. R., Isaac,  T.P.,and  Faucher, 
G.  A. 

Variations  in  the  Atmospheric  Composition  and  Density 
During  a Geomagnetic  Storm 

19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 


Quesada,  A F.,  Dew  an,  E.  M.,Good,  R.  E„ 
Rosenberg,  N.  VV., and  Vickery,  VV.  R. 

Stratospheric  Winds  and  Turbulence  Measurements  from 
Smoke  Trails 

19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 


Quesada,  A.  F., Zimmerman, S.  P.,  and  Rosen 
berg.N.W. 

Tidal  Motions  in  the  Thermosphere  and  Realistic 
Viscosities 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  I).  C. 
(16-20  June  1975) 


Rosenberg,  N.  W., Quesada,  A.  F.,  and 
Zimmerman,  S.  P. 

High  Resolution  Stratospheric  Winds  from  Chemical 
Trail  Data 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


SWIDER,  VV. 

The  D-  and  E-Regions 

Summer  Adv.  Study  Inst.,  Phys.  and  Chem.  of  Atm., 
Univ.  of  Liege,  Belgium  (29  July-9  August  1974) 
Generation  of  NO  from  N 2 (A)  * O 
1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.  C.  (12-16  April  1976) 

Minor  Mesospheric  Constituents  at  High  Latitudes 
19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 

SWIDER,  W„  and  NaRCISI,  R.S. 

Nitric  Oxide  at  100-200  Em  in  Aurora 

Am.  Geophys.  Union  Mtg.,  San  Franc  isco,  Calif. 

(8-12  December  1975) 

SWIDER,  VV.,  and  ULWICK,  J . C.  (Opt.  Phyj.  Lab.), 
Dean,  VV.  A.  (U.  S.  Army/BRL,  Aberdeen,  Md.) 
Electron  Recombination  in  the  Disturbed  D-Region 
1974  USNC/URSMEFaE  Mtg.,  Boulder,  Colo.  (14-17 
October  1974) 


Tanaka,  Y. 

The  Electronic  Absorption  Spectra  of  Diatomic  Van 
der  Waals  Rare  Gas  Molecules 

Am.  Chem.  Soc.  Ann.  Mtg.,  Symp.  on  van  der  Waals 
Molecules,  Atlantic  City,  N.  J.  (8-13  September  1974) 

Tattelman,  P.  1. 

Surface  Wind  Speed  Range  as  a Function  of  Time  and 
Mean  Wind  Speed 

6th  Conf.  on  Aerosp.  and  Aero.  Met.,  El  Paso,  Tex. 
(12-14  November  1974) 

Thomas,  T.  F.,  and  Paulson, J . F. 

Photodissociation  of  Ion  Beams  in  a Tandem  Mass 
Spectrometer  Using  a Tunable  Dye  Laser 
Am.  Soc.  for  Mass  Spectrom.  24th  Ann.  Conf.,  San 
Diego,  Calif.  (9-14  May  1976) 

Photodissociation  Spectra  of  Positive  Ions  with  Time- 
of'Flight  Analysis 

12th  Informal  Conf.  on  Photochem.,  Natl.  Bur.  of 
Stds.,  Gaithersburg,  Md.  (28  June-1  July  1976) 


Weeks,  L.  II.,  Doiron.  C.,  and  Me  Inerney, 
R.  E.  (AECRL  Comp.  Branch),  DELAY,  S.  H. 
(Boston  Coll.,  Mass.) 

Observations  of  Mesospheric  Ozone  from  a Nighttime- 
Daytime  Rocket  Series 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 

Weeks,  L.  H.,Good,  R.  E.,and  Randhawa. 

J . S.  (U.  S.  Army  Atm.  Sci.  Lab.,  White  Sands  Missile 
Range,  N.  M.),  and  I RINKS.  H.  (Physikalisches  Inst, 
der  Univ.  Bonn,  Fed.  Rep.  of  Ccr.) 

Ozone  Measurements  in  the  Stratosphere,  Mesosphere, 
and  Lower  Thermosphere  During  ALADDIN  ’74 
19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia.  Pa.  (8-19  June  1976) 

Yoshlno,  K. 

High  Resolution  VUV  Spectroscopy  of  Diatomic 
Molecules 

31st  Symp.  on  Mol.  Spectros.,  Ohio  State  Univ., 
Columbus,  Ohio  (14-18  June  1976) 

YOSHINO,  K.  .and  TANAKA,  Y. 

High  Resolution  Absorption  Spectra  of  hr  I and  Xc  I 
in  the  VUV  Regions 

Atomic  Spectros.  Symp.,  Natl.  Bur.  of  Stds.,  Gaithers- 
burg, Md.  (23-26  September  1975) 


Zimmerman,  S.P. 

Turbulence  Observed  in  Electron  Density  Fluctuations 
in  the  Equatorial  E Region  Over  Thumba,  India 
Recent  Adv.  in  the  Phys.  and  Chem.  of  the  E Region 
Mtg.,  Boulder.  Colo.  (13-15  August  1974) 
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Zimmerman,  S.  P.,and  Keneshea,  T.J. 

The  Effects  of  Small  Scale  Dynamics  Upon  the  Distri- 
button  of  Minor  and  Major  Neutral  and  Ionic  Consti- 
tuents in  the  Mesosphere  and  Thermosphere 
19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8-19  June  1976) 

Zimmerman,  S.  P.,Quesada,  A.  F„  and 

TROWBRIDGE,  C.  A.  (Photomet.,  Inc.,  Lexington, 
Mass.) 

Small  Scale  Turbulent  and  Wave  Structure  in  the 
Stratosphere 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


J ASPERSE, J.  R. 

Electron  Distribution  Function  in  a Nonuniform, 
Magnetized,  Weakly  Photoionized  Gas  Application  to 
a Model  Ionosphere 
A FCRL-TR-7 5-0266  (12  May  1975) 


Kantor,  A.J. 

A Comparison  Between  Observed  and  Deduced  Mean 
Monthly  Winds  from  7 00  mb  to  200  mb 
AFCRL-TR- 76-0044  (22January  1976) 


Kantor,  A . J and  Cole,  A . E . 

The  Meteorological  Equator  in  the  Stratosphere  and 
Mesosphere 

AFCRL-TR- 74-0604  (5  December  19741 
Monthly  Midlatitude  Atmospheres,  Surface  to  90  Km 
AFGL-TR-76-0140  (23  June  1976) 


TECHNICAL  REPORTS 
JULY  1974  - JUNE  1976 


Champion,  K.S.W. 

Dynamics  and  Structure  of  the  Quiet  Thermosphere 
AFCRL-TR- 74-0318  (17  July  1974) 

Champion,  K.S.W.,  Forbes,  J ,M.,and 

BRAMSON,  A.  S.  (IBM.  Burlington,  Mas,.), 
BHAVNANI,  K.  It.  (Logicon,  Bedford,  Mass  ), 
SLOWEY,  J . W.  (Smithsonian  Astrophys.  Obsv., 
Cambridge,  Mass.),  GILLETTE,  D.  F„  and  HUSSEY. 
I.  (Off.  of  Res.  Svc.) 

Densities  Near  160  Km  Obtained  from  Orbital  Analysis 
of  Satellite  1973-14 A 
AFCRL-TR-75-025S  (2  May  1975) 


Cole,  A.  E.,and  Kantor.  A.J . 

Periodic  Oscillations  in  the  Stratosphere  and  Mesosphere 
AFCRL-TR-74-0504  (8  October  1974) 


Cormier,  R.  V. 

World-Wide  Extremes  of  Humidity  with  Temperatures 
Between  85  and  120° F 
AFCRL-TR-74-060S  (5  December  1974) 


Garrett,  H.  B., 2nd  lt. 

A n Updated  Empirical  Density  Model  for  Predicting 
Low-Altitude  Satellite  Ephemerides 
AFCRL-TR-75-OI 58  (19  March  1975) 


Lund,  I.  A., Grantham,  D.  D.,and  Elam, 
C.  B .,J  R.  (USAF  Envmt.  Tech.  AppL  Ctr.,  Scott 
AFB,  111.) 

.4  tlas  of  Cloud-Tree  Une-of-Sight  Probabilities 
AFCRL-TR-75-0261  (8  May  1975) 


Manson.J  . E. 

Satellite  Measurements  of  Solar  UV  During  1974 
AFCRL  TR  76-0006  (6  January  1976) 


MaPLF.TON,  R.  A.,  and  ScHNEEBERGER,  M.  F., 
STEELE,  C.  A., Jr  . (RDP,  Inc.,  Bedford,  Mass.) 
Electron  Capture  from  Tl  * (6s^ ) and  Li*  by  Protons 
AFCRL-TR- 7 5-0053  (28  January  1975) 


Marcos,  F.  A;,  Champion,  K.  S.  W., 

Me  INERNEY,  R.  E„  and  I)ELORF.Y,  D. 

Atmospheric  Density  Variations  in  the  Southern 
Hemisphere  at  Low  Satellite  Altitudes 
AFCRL-TR- 7 5-0254  (5  May  1975) 

Marcos,  F.  A„  and  MENDILLO,  J . L.  (Boston 

Coll.,  Chestnut  Hill,  Mass.) 

Lower- Thermosphere  Neutral  Density  Profiles  Derived 
from  Satellite  Accelerometer  Data 
AFGL-TR-76-0045  (4  March  1976) 

Me  Isaac,  J . P.,  Champion,  K.  S.VV.,Mc  Iner 

NEY,  R.  E and  DELOREY,  Dl  (Boston  Coll.,  Chestnut 
Hill,  Mass.) 

Ionization  Gauge  Measurements  of  Atmospheric 
Density  from  a Low  Altitude  Satellite 
AFGL-TR-76-01 1 3 (24  May  1976) 
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Moses,  H.  E. 

Probes  in  a Plasma  from  a Gas  Dynamic  Point  of  View 
with  Application  to  the  Problem  of  Satellite  Charging 
A FCRL-TR- 76-0005  (6  January  1976) 


SWIDER,  W. 

The  D • and  E-  Regions 
AFCRL  TR  74-0493  (12  September  1974) 
Composite  PCA  t>9  Study:  Final  Report 
AFCRLTR-75-0149  (17  March  1975) 


Quesada,  A.  F. 

Vector  Evaluation  of  Triangulation  Camera  Parameters 
from  Star  Photographs 
AFCRL-TR  75-0451  (21  August  1975) 


Rosenberg,  N.  \V„  and  Dew  an,  E.M. 

Stratospheric  Turbulence  and  Vertical  Effective  Dif- 
fusion Coefficients 

AFCRL-TR  75-0519  (29  September  1975) 

Sherman,  C. 

Vehicle  Potential  Control  by  Means  of  Electron 
Emission 

AFCRL-TR  75-0445  (18  August  1975) 


Smith,  E.  R. 

The  Effect  of  Several  Configuration  Interaction 
Target  States  on  the  Elastic  Scattering  of  Low-Energy 
Electrons  by  Complex  Atoms 
AFCRL-TR  75-0054  (28  January  1975) 


SWIDER,  W„  and  ClUDSEY,  I . L.,  JR.  (U.  S. 

Army  Ballistic  Res.  Lab.,  Aberdeen  Proving  Ground, 
Md.) 

Calculated  and  Measured  HF/VHF  Absorption  for  the 
2-5  November  1969  Solar  Proton  Event 
AFGL-TR- 76-0053  (9  March  1976) 

SWIDER.  VV„  and  FOLEY,  C.  I.  (Boston  Coll., 
Chestnut  Hill,  Mass.) 

Computer  Program  for  the  Disturbed  Steady -State 

Nighttime  D-Region 

AFCRL-TR  75-0150  (13  March  1975) 


l ATTELMAN,  P .,  and  KaNTOR,  A.J  . 

Atlas  of  Probabilities  of  Surface  Temperature  Extremes 

AFciL-TR- 76-0084  (16  April  1976) 

Vickery,  W.  K. 

Techniques  for  Depositing  Visible  Smoke  Trails  in  the 
Stratosphere  for  Measurement  of  Winds  and  Turbulence 
AFCRL  TR  75-0221  (21  April  1975) 


Ill  AEROSPACE  INSTRUMENTA- 
TION DIVISION 


The  Air  Force  Geophysics  Laboratory  is 
concerned  with  obtaining  a thorough 
knowledge  of  the  environment  in  which 
Air  Force  systems  must  operate.  Atmos- 
pheric and  space  probes  play  an  import- 
ant role  in  this  mission.  The  Aerospace 
Instrumentation  Division  provides  bal- 
loon, rocket,  and  satellite  system  sup- 
port to  the  other  AFGL  Divisions  and 
also  conducts  research  and  development 
programs  to  ensure  that  the  most  reliable 
and  cost  effective  vehicles  and  instru- 
ments are  available  to  scientists  to  meet 
their  objectives. 


BALLOON  ACTIVITIES 


A permanent  balloon  launch  facility  is 
located  at  Holloman  AFB,  New  Mexico. 
Another  site,  manned  until  the  end  of 
this  reporting  period,  but  now  un- 
manned, is  located  at  the  Chico,  Califor- 
nia, Municipal  Airport  for  scientists  re- 
quiring long  duration  flights  or  operations 
at  a latitude  other  than  Holloman.  A per- 
manent tethered  balloon  launch  site  is 
maintained  at  the  northern  end  of  the 
White  Sands  Missile  Range,  New  Mexico. 
The  Range  provides  the  use  of  precision 
radar,  optical  instrumentation,  telemetry 
and  restricted  airspace  to  scientists  con- 
ducting experiments  involving  free  fall, 
explosive  bursts  or  high  altitude  tether- 
ing. 
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I he  balloon  expertise  of  the  Division 
is  frequently  called  on  to  support  other 
Air  Force  organizations,  the  Army, 
Navy,  and  NASA.  The  Division  also  sup- 
ports the  Energy  Research  and  Develop- 
ment Administration’s  air  sampling  pro- 
gram (Project  Ash  Can)  by  flying  collec- 
tors on  balloons  launched  from  Alaska, 
and  Panama,  as  well  as  from  Holloman 
AFB. 

In  July  1974,  several  successful  teth- 
ered balloon  flights  at  Holloman  AFB 
showed  the  feasibility  of  using  a small 
tethered  balloon  supporting  a special  an- 
tenna to  serve  as  an  emergency  backup 
to  a tower  mounted  tactical  LOR  AN  an- 
tenna disabled  by  enemy  action  or  a 
severe  storm.  As  a result,  the  Tactical 
LORAN  Special  Projects  Office  of  the  Air 
Force  Systems  Command,  ESI),  spon- 
sored a program  to  develop  several  opera- 
tional units. 

Two  heavy  load,  high  altitude  single 
parachute  system  flight  tests  were  also 
flown  in  1974.  These  tests  were  made  to 
investigate  the  possibility  of  replacing 
the  cluster  of  three  100-foot  diameter 
parachutes  normally  used  for  recovery  of 
payloads  over  4,000  pounds  by  a single 
parachute.  A payload  of  4,035  pounds 
was  released  from  a balloon  at  92,000 
feet  in  September  to  test  a 135-foot  di- 
ameter flat  circular  cargo  parachute.  In 
November,  a 120-foot  diameter,  flat  cir- 
cular parachute  was  tested  by  releasing  a 
load  of  4,565  pounds  at  92,000  feet. 
The  instrumentation  at  the  White  Sands 
Missile  Range  was  used  to  get  perform- 
ance data.  Both  tests  were  successful. 

A series  of  balloon  flights  in  June 
1975  tested  a cryogenic  whole  air  sam- 
pler operating  at  altitudes  of  20  to  30 
km.  The  sampler  was  used  in  the  Strato- 
spheric Environment  program,  which  has 
provided  data  and  models  from  which 
environmental  impact  statements  for  air- 
craft such  as  the  F-15  may  be  written. 

Two  balloon  flights  also  conducted  in 
1975  carried  experiments  to  measure 


aerosol  size  ami  concentration  and  to  de- 
termine the  variability  in  optical  scatter- 
ing properties  of  the  atmosphere. 


Sixty-six-foot  parufonn  parachute'  after  suc- 
cessful drop  test. 


Still  another  series  of  balloon  flights 
carried  a 50-inch  mirror  telescope  to  de- 
termine the  infrared  radiance  of  Venus 
and  Mars.  I.ater  flights  in  the  series  car- 
ried a high  quality  gamma-ray  telescope 
which  could  lie  pointed  by  ground  com- 
mands at  likely  celestial  sources  of 
gamma  rays. 

Finally,  a series  of  balloon  flights  car- 
ried aloft  experiments  to  measure  micro- 
scale fluctuations  of  wind  and  tempera- 
ture, and  the  distribution  of  ozone  to 
determine  stratospheric  dynamics. 

FREE  BALLOONS 

The  free  balloon  development  program 
progressed  in  three  areas  during  the  past 
two  years:  balloon  capability,  recovery 
systems  reliability,  and  non-dynamic 
launch  technique  development. 

A mathematical  model  of  balloon  cap- 
ability, relating  payload,  altitude,  dura- 
tion and  maneuverability  (alteration  of 


47 


the  balloon’s  vertical  position  or  veloc- 
ity) was  defined  and  examined  for  a 23- 
year  period.  The  results  were  reported  in 
the  “Proceedings  (Supplement)  of  the 
Eighth  Scientific  Balloon  Symposium, 
30  September  to  3 October  1974.”  I'he 
capability  trend  was  extrapolated  and  in- 
terpreted, and  recommendations  to  ac- 
celerate the  capability  growth  were  made 
and  related  to  present  and  planned  re- 
search and  development. 

Many  balloon  missions  require  the  re- 
covery of  a delicate  payload  for  success. 
The  standard  balloon  payload  recovery 
system  is  an  in-line  (between  balloon  and 
payload)  parachute.  Traditional  models 
of  parachute  performance  (relating  open- 
ing time,  opening  shock,  etc.)  were  de- 
veloped to  explain  and  predict  parachute 
deployment  from  moving  aircraft.  One 
of  these  recent  models  has  been  theoreti- 
cally extended  to  cover  the  deployment 
of  in-line  parachutes  at  balloon  altitudes 
up  to  120,000  feet. 

The  third  flight  in  a scries  to  develop  a 
non  dynamic  launch  technique  for  single- 
cell balloons  was  attempted.  Release  of 
more  balloon  material  than  was  needed 
for  the  state  of  inflation  at  the  time  re- 
sulted in  balloon  failure  while  (he  system 
was  still  tethered  to  the  ground.  The 
examination  of  the  failed  balloon 
revealed  problems  that  would  have 
caused  failure  later  in  flight,  but  which 
would  have  been  undetectable  had  the 
balloon  been  flown.  Results  of  this 
flight  have  served  as  the  basis  for  a re- 
design of  the  balloon  reefing  sleeve 
which  has  been  incorporated  in  a balloon 
now  awaiting  test. 

AIR  LAUNCHED  BALLOON 
SYSTEM 

Significant  progress  has  been  made  on 
the  development  of  an  Air-Launched 
Balloon  System  (ALBS)  which  will  sat- 
isfy the  Tactical  Air  Command  require- 
ment for  a lighter-than-air  tactical  com- 


munications relay  platform.  One  critical 
subsystem,  the  cryogenic  gas  storage  and 
heat  transfer  unit,  was  successfully  devel- 
oped through  the  assistance  of  the  Cryo- 
genics Division  of  the  National  Bureau  of 
Standards  (NBS).  In  November  1975.  the 
NBS  unit,  in  a test  at  Holloman  AFB,  in- 
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Balloon  payload  preparation,  inflation,  and 
launch  from  Holloman  AFB,  November  II, 

1975. 

flated  a balloon  which  carried  a 300- 
pound  payload  to  75,000  feet.  This  is 
believed  to  be  the  first  balloon  flight 
ever  *o  use  liquid  helium  as  the  gas 
source.  Flight  tests  of  a complete  ALBS 
are  now  possible. 

Progress  has  been  made  on  other  por- 
tions of  the  system.  The  design  of  the 
special  balloon  required  for  the  ALBS 
mid-air  inflation  process  was  completed 
and  fabrication  was  begun.  The  working 
agreement  with  the  NBS  was  extended 
and  a new,  lighter  weight  cryogenic  gas 
storage  and  heat  transfer  unit,  more 
suited  to  flight  tests,  was  designed  and 
built.  The  complicated  ALBS  parachute 
deployment  subsystem  was  designed  in- 
house,  and  reviewed  at  the  National  Par- 
achute Test  Range  (NPTR). 


■ 
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A verification  test  program  to  be  con- 
ducted at  El  Centro,  California,  from 
November  1976  to  October  1977,  with 
ALBS  system  mockups,  will  determine 
the  final  design  of  the  parachute  system, 
thus  allowing  subsequent  drop  tests  of 
the  overall  system  to  be  made. 

An  in-house  drop-platform  analysis 
led  to  the  choice  of  a scientific  balloon 
as  the  release  vehicle  for  the  first  com- 
plete system  test.  In  this  test,  scheduled 
for  July  1978,  the  lightweight  cryogenic 
unit  will  be  dropped  from  20,000  feet 
along  with  the  uninflated  special  ALBS 
balloon.  After  parachute  deployment, 
the  balloon  will  be  inflated,  pull  away, 
and  ascend  to  70,000  feet  with  a simu- 
lated communications  relay.  To  resolve 
uncertainties  discovered  during  the  anal- 
ysis, a second  drop  test  will  be  con- 
ducted using  system  mockups,  about 
three  months  prior  to  the  July  1978 
tests  of  the  “live”  configuration. 

In  addition  to  several  briefings  on 
lighter-than-air  platforms  and  the  ALBS 
system,  two  in-house  reports  were  writ- 
ten. “An  Investigation  of  the  Applica- 
bility of  High  Altitude,  Lighter -Than-Air 
(LTA)  Vehicles  to  the  Tactical  Commun- 
ications Relay  Problem”  (AFGRL-TR- 
74-0399)  was  published,  and  “The  Flight 
Test  Aspects  of  the  Air  Launched  Bal- 
loon System  (ALBS)  Development  Pro- 
gram" (AFGL-TR-76-0196)  will  be  pub- 
lished in  August  1976. 


POWERED  BALLOONS 

For  many  years,  the  Division  has  studied 
the  concept  of  propelling  a free  balloon 
to  counter  the  wind.  Basic  feasibility  and 
parametric  studies  were  completed  and  a 
simplified  flight  system  fabricated.  A 
flight  of  the  system  demonstrated  the 
feasibility  of  powering  a balloon  against 


the  wind  at  high  altitude.  A more  sophis- 
ticated streamlined  system  was  then  de- 
signed under  contract,  and  manufactur- 
ing drawings  completed. 

I he  Navy  has  a need  to  fly  certain  sen- 
sors in  a regime  that  can  be  reached  by  a 
powered  balloon.  For  this  reason,  the 
U.  S.  Naval  Surface  Weapons  Center  con- 
tacted the  Division  and  initiated  a pow- 
ered balloon  program  in  1974,  based  on 
the  preliminary  work  completed  by  the 
Air  Force.  The  Navy  asked  for,  and 
funded,  assistance  from  the  Division  on 
this  High  Altitude  Superpressure  Pow- 
ered Aerostat  (HASPA)  program. 

In  1975,  the  Division  designed  and 
fabricated  special  launch  equipment  and 
vehicles  for  the  HASPA  program.  A com- 
plete ground  station,  and  an  airborne 
control  and  telemetry  system,  were  also 
designed  and  fabricated  in-house  for  the 
program. 

In  November  1975  the  Division  field- 
ed a 10-man  launch  team  to  Kennedy 
Space  Center  to  assist  the  Navy  in  the 
launch  of  the  first,  unpowered  HASPA 
balloon.  The  system  was  launched  on 
November  5,  1975,  but  a reefing  collar 
did  not  release  at  the  proper  time,  pre- 
venting the  system  from  reaching  its  de- 
sign altitude  of  65,000  feet. 

A second  flight,  in  March  1976,  was 
aborted  when  the  balloon  material  failed 
at  launch.  It  appears  that  the  Kevlar 
fiber  used  for  fabric  reinforcement  is  de- 
graded by  light.  The  Navy  is  now  review- 
ing the  program,  with  emphasis  on  the 
balloon  material  problem.  Testing  will 
continue  as  soon  as  this  problem  is  re- 
solved. 


BALLOON  INSTRUMENTATION 

The  modular  concept  for  instrumenta- 
tion system  assembly  has  continued  to 
provide  the  increased  flexibility  and  meas- 
urement capability  needed  to  meet  the 
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rapidly  expanding  scientific  and  opera- 
tional requirements  of  balloon-using 
scientists. 

Manning  and  budget  reductions  have 
made  it  increasingly  important  not  only 
to  refurbish  and  reuse  system  compo- 
nents but  to  design  systems  that  can  be 
used  with  many  different  experiments 
whenever  possible. 


IliKh  Altitudr  Super  Pressure  Aerostat  (HAS 
PA)  being  reeled  up  for  launch.  Stem  mounted 
propeller  can  be  seen  at  top  of  picture. 


A new  ground  station  terminal  and  a 
minicomputer  have  been  installed  at  the 
Holloman  AFB  facility  to  receive  PCM 
telemetry  signals  from  balloons.  The 
system  allows  a user  to  examine  se- 
lected data  channels  within  the  standard- 
ized pulse  code  modulated  telemetry  sig 


nal  in  real  time.  The  computer  also  can 
accept  a user’s  programs  to  manipulate 
the  data  and  transfer  blocks  of  data  to  a 
teleprinter  output. 

The  high  altitude  atmospheric  sam- 
pling program  for  the  Energy  Research 
and  Development  Administration 
(ERDA)  has  continued.  The  Atomic 
Energy  Commission  began  this  program 
to  collect  atmospheric  nuclear  debris  in 
1956.  Responsibility  for  balloon  opera- 
tions was  transferred  from  the  Air  Wea- 
ther Service  to  the  Aerospace  Instrumen- 
tation Laboratory  in  July  1972.  Since 
then,  the  program  has  expanded  to  in- 
clude investigation  of  the  gaseous  and 
particulate  atmospheric  constituents  with 
various  types  of  sampling  devices.  Some 
of  these  devices  are  specifically  designed 
for  aerial  recovery  by  C-130  aircraft 
after  the  samples  have  been  collected 
and  the  payload  is  separated  from  the 
balloon. 

In  the  spring  of  each  year,  an  annual 
sampling  cross  section  is  made  beginning 
at  Albrook  AFB,  Canal  Zone,  in  March, 
proceeding  to  Holloman  AFB,  New  Mex- 
ico, in  April,  and  concluding  at  Eiclson 
AFB,  Alaska,  in  May.  Sampling  is  nor- 
mally conducted  at  altitudes  of  70.000, 
80,000  and  90,000  feet  above  mean  sea 
level  (MSI.).  However,  in  1973,  addi- 
tional sampling  was  conducted  at  alti- 
tudes of  105,000  and  120,000  feet  MSL. 
At  Holloman  AFB.  sampling  is  con- 
ducted quarterly  at  altitudes  of  70,000, 
80,000  and  90,000  feet  MSL.  There 
were  also  research  and  development 
flights  to  update  the  sampling  hardware 
and  support  instrumentation,  and  to 
qualify  a nitric  oxide  sensing  system  for 

night.' 

Special  balloon  instrumentation  was 
developed  for  the  whole  air  sampling 
program  conducted  by  the  Air  Force.  A 
24-channel  command  system  developed 
for  this  program  controls  all  balloon  and 
experiment  operations.  Every  command 
issued  is  verified  by  a coded  reply  mes- 
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sage  before  actuation  of  the  command, 
and  every  reply  code  is  repeated  once. 
Highly  stable  sequentially  activated  tone 
decoders  ensure  security  of  this  com- 
mand system.  Both  S-band  and  HF  data 
transmitters  are  used.  S-band  provides  a 
high  data  rate  while  the  balloon  is  within 
line-of-sight  of  the  ground  monitoring 
station.  The  HF  provides  a lower  data 
rate,  but  is  usable  beyond  line-of-sight. 


TETHERED  BALLOONS 


for  this  application.  These  cables  have 
tensile  strengths  comparable  to  steel  at 
less  than  20  percent  its  weight. 

Further  testing  of  the  450A  tethered 
system  will  take  place  in  January  1978 
at  an  operational  LORAN  antenna  site. 

The  Division's  development  of  Kevlar 
cables  has  also  made  possible  the  tether- 
ing of  balloons  at  altitudes  above  50,000 
feet.  The  first  demonstration  of  a 
tether  system  at  60,000  feet  is  scheduled 
to  lake  place  in  July  1978  at  the  AF’GI. 
Tethered  Balloon  site  on  White  Sands 
Missile  Range,  New  Mexico. 


The  450A  Tactical  LORAN  Special  Pro- 
ject Office  (SPO),  Electronic  Systems 
Division,  is  in  the  process  of  developing 
and  installing  a series  of  I.ORAN  1)  an- 
tenna and  transmitter  sites  around  the 
world.  These  sites  are  required  for  pre- 
cise navigation  of  aircraft.  The  SPO  is 
concerned  that  sabotage,  severe  weather, 
or  wartime  actions  could  knock  down 
one  or  more  of  the  400-foot  high  an- 
tenna towers  being  used  in  the  LORAN 
I)  system.  It  has  been  proposed,  to  have 
a packaged  tethered  balloon  system  at 
these  sites  that  could  be  used  to  hoist  a 
backup  antenna  to  keep  the  station 
operating  should  the  primary  antenna  be 
inoperable. 
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I he  Aerospace  Instrumentation  Divi- 
sion has  conducted  two  series  of  flights 
in  support  of  this  effort  to  determine 
basic  aerodynamic  stability  of  the  pyra- 
mid moored  system.  Balloon  tether 
length  was  varied  and  cine-theodolite 
data  was  gathered  under  various  wind 
conditions,  indicating  that  a 500-foot 
tether  results  in  the  best  antenna  stabil- 
ity. Analysis  and  flight  testing  were  also 
conducted  to  determine  the  optimum 
angle  that  the  tri-tether  cables  make  with 
the  ground.  Greatest  antenna  stability 
was  observed  when  this  angle  was  40°. 
Torque  balanced  Kevlar  fiber  tether 
cables  have  been  developed  and  tested 


Tri-tcthrr  balloon  system  to  temporarily  re- 
place damaged  I.ORAN  antenna. 


Another  research  effort  that  has  taken 
place  over  the  last  two  years  involved  the 
development  of  lightning  warning  cri- 
teria for  tethered  balloon  operations. 
Atmospheric  electrical  activity  asso- 
ciated with  thunderstorms  presents  a va- 
riety of  hazards  to  tethered  balloon 
operations.  Lightning  strikes  can  burn 
small  holes  in  the  balloon  hull,  may 
destroy  the  balloon  control  instru- 
mentation or  a scientific  payload,  or 
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may  sever  the  tether  cable.  Lightning 
strikes  also  pose  a serious  hazard  to 
ground  crew  personnel.  Thus  it  is  desir 
able  to  be  able  to  assess  the  possibility 
of  a lightning  strike  and  forecast  approx- 
imately when  it  will  occur. 

Using  a lightning  warning  system 
developed  by  the  Meteorology  Division 
of  AFGL  as  the  data  source,  criteria 
were  developed  to  insure  safe  balloon 
flight  procedures  during  periods  of 
thunderstorm  activity. 


PROJECT  BAMM 


The  Balloon  Altitude  Mosaic  Measure- 
ments (BAMM)  Program  is  designed  to 
make  temporal,  spatial,  and  spectral 
measurements  of  earth  backgrounds  in 
the  infrared  for  use  in  the  design  of  ad- 
vanced sensors.  Measurements  will  be 
made  from  a stabilized  balloon-borne 
platform  at  an  altitude  of  100, 000  feet. 
Scenes  to  be  viewed  for  background 
radiation  arc  cirrus  clouds,  high  altitude 
lakes  and  snowfields, ocean  effects  (glint, 
land-sea  interface,  etc.)  and  temporal 
buildup  of  cumulus  clouds.  Seven  flights 
are  scheduled:  from  Chico,  California; 
Holloman  AFB,  New  Mexico;  and  F.glin 
AFB,  Florida.  Flight  durations  will 
average  about  ten  hours  and  the  payload 
is  being  designed  for  air-to-air  recovery 
by  helicopter. 

The  Optical  Physics  Division  has  the 
responsibility  for  the  scientific  aspects  of 
this  program  sponsored  by  SAMSO. 

l'hc  Aerospace  Instrumentation  Di- 
vision has  the  responsibility  for  the 
balloon  flight  operation,  flight  control 
and  data  recovery  instrumentation,  and 
aerial  recovery  of  the  scientific  package 
during  descent  by  parachute  following 
completion  of  the  scientific  mission. 


RESEARCH  ROCKETS 

For  many  years,  sounding  rockets  have 
been  a useful  tool  for  conducting  atmos- 
pheric and  exoatmospheric  research. 
Within  AFGL,  the  Aerospace  Instru- 
mentation Division  is  responsible  for  the 
engineering  support  and  range  coordina- 
tion of  the  research  rocket  program.  To 
fulfill  this  responsibility,  the  Division 
provides  payload  engineering,  fabrica- 
tion, test,  launching  support,  data  collec- 
tion and  trajectory  information.  To  keep 
current  with  state-of-the-art  advances, 
the  Division  also  conducts  engineering 
research  towards  improving  instrumenta- 
tion and  flight  systems. 

During  this  reporting  period,  there  has 
been  a decrease  in  the  number  of  sound- 
ing rockets  flown,  from  93  in  the  previous 
two  years  to  54  during  this  period. 

1 lowever,  at  the  same  time,  there  has  been 
a definite  move  toward  more  complex 
payloads,  more  advanced  instrumenta- 
tion, broader  use  of  attitude  control 
systems  for  more  efficient  data  collection, 
and  increasing  use  of  PCM  telemetry  for 
higher  resolution,  faster  sampling  and  in- 
creased data  capacity.  In  contrast  to 
earlier  requirements  for  data  retrieval,  it 
has  become  an  economic  necessity  to 
retrieve  multi-million  dollar  payloads 
and  sensors.  Twenty-one  of  54  sounding 
rockets  used  recovery  systems.  Of  the  33 
that  did  not  use  recovery  systems,  23 
were  chemical  release,  falling  sphere  or 
Astrobec  D types  that  do  not  lend  them- 
selves to  recovery. 

The  Division  was  responsible  for  pay- 
load  integration  and  launching  of  54  re- 
search rocket  vehicles  from  six  different 
sites.  From  White  Sands  Missile  Range, 
New  Mexico,  18  rocket  vehicles  were 
launched:  7 from  the  NASA  Wallops 
Flight  Center,  Virginia;  1 2 from  Churchill 
Research  Range,  Manitoba,  Canada;  12 
from  Poker  Flat  Research  Range,  Alaska; 

2 from  Western  Test  Range,  Vandenbcrg 
AFB,  California;  and  3 from  Woomcra 


Range  in  Australia.  These  launches  were 
typical  examples  of  the  Division’s  cap- 
ability to  conduct  launch  operations 
from  any  geographical  area  in  the  world 
under  diverse  work  and  climatic  condi- 
tions. Most  of  these  rocket  payloads  were 
for  AFGL  scientific  projects,  but  several 
launches  were  conducted  in  cooperation 
with  other  agencies.  For  example,  nine 
of  these  rockets  were  instrumented  and 
launched  in  support  of  programs  spon- 
sored by  the  Defense  Nuclear  Agency.  In 
addition  to  this  work,  the  Division  has 
provided  varying  degrees  of  technical 
support  to  other  agencies  during  joint 
launch  programs. 

Of  the  54  rocket  flights.  44  were  total 
successes,  8 returned  less  than  100  per- 
cent data,  and  only  2 were  failures.  One- 
sounding  rocket  failed  when  a second 
stage  did  not  ignite  and  another  had  a 
short  second  stage  b urn  leaving  52  good 
sounding  rockets  for  a success  rate  of  96 
percent.  Of  the  21  recovery  systems 
flown,  one  parachute  did  not  deploy  and 
one  deployed  too  early  for  a recovery 
system  success  rate  of  90  percent.  Good 
recovery  has  resulted  in  the  reflight  of 
many  of  these  payloads,  some  payloads 
several  times. 

Hi  Star  South:  Seven  Acrobec  170’s 
were  flown  from  the  White  Sands  Missile 
Range  during  1970  and  1971  in  support 
of  Project  Hi  Star  to  map  the  celestial 
sphere  in  the  infrared  using  a cryogenic 
infrared  telescope.  Hi  Star  South  was 
a continuation  of  this  program  with  the 
purpose  of  completing  the  1R  mapping 
in  the  Southern  Hemisphere.  Hi  Star 
South  was  a program  of  three  Aerobee 
200  flights  from  Woomcra,  Australia,  in 
September  1974,  using  two  1R  sensors 
and  many  payload  parts  that  had  been 
recovered  from  the  Hi  Star  flights  anti 
refurbished.  One  of  these  sensors  was 
flown  at  Woomera,  refurbished  in  the 
field  and  rcflown  in  the  third  payload, 
a first  for  the  Division,  which  provided  a 
significant  dollar  saving. 


To  obtain  precise  coordinates  of 
celestial  objects  observed,  a star  tracker 
locked  the  scan  axis  to  a pre-selected 
star  transiting  near  the  zenith.  This  star 
was  acquired  using  a roll  stabilized  inertial 
attitude  control  system  (ACS).  Once  the 
star  was  acquired  the  star  tracker  provided 
the  error  signal  for  fine  control  using  a 
reaction  gas  system.  The  payload  was  then 
rolled  around  the  scan  axis  at  a fixed  rate. 
The  IR  telescope  was  rotated  from  its 
stowed  position  in  the  payload  to  look 
up  at  an  angle  to  the  scan  axis.  At  the 
completion  of  each  rotation  the  sensor 
was  stepped  1.1  degrees  to  enable  it  to 
search  another  ring  of  the  sky.  After  89 
of  these  rotations  the  sensor  was  stowed 
lor  reentry  and  recovery.  The  star  tracker 
controlled  pointing  within  ± 1 arc  min- 
ute. The  sensor  was  stepped  to  a similar 
accuracy.  To  obtain  this  precision,  the 
payload  principal  axis  was  aligned  to  the 
star  tracker  axis  within  30  arc  seconds 
by  dynamic  balancing.  This  not  only  re- 
duced disturbance  torques  to  those  that 
could  be  handled  by  the  ACS,  but  also 
kept  gas  consumption  at  a minimum. 

To  provide  a fast  sampling  rate  and  a 
large  data  capacity,  an  encoder  with  a 
rate  of  600,000  bits  per  second  was  used. 

Since  the  IR  telescope  was  capable  ol 
detecting  very  low  energy  sources,  parti- 
culate contamination  was  a real  threat  to 
proper  data  gathering.  Because  of  this, 
the  payload  features  were  designed  for 
cleanliness  and  preparation  techniques 
were  developed  to  make  these  the  clean- 
est payloads  ever  flown  by  the  Division. 

Bremsstrahlung  Density:  This  success- 
ful Aerobee  170  flight  measured  atmos- 
pheric density  by  emitting  a beam  of 
electrons  and  measuring  the  Bremsstrah- 
lung glow  created  when  the  electrons 
interacted  with  the  surrounding  oxygen 
and  nitrogen. 

Prior  to  flight,  the  entire  payload  was 
operated  in  the  NASA  Plumbrook  vac- 
uum facility  to  provide  an  electron  beam 
so  NASA  and  Army  scientists  could  con- 
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duct  charging  studies.  The  development 
of  a leakproof  pressure  seal  for  a stair- 
case shaped  structural  section  of  the  pay- 
load  airframe  and  significant  advances  in 
electron  gun  handling  procedures  and 
technology  contributed  to  the  success  of 
the  experiment.  These  advances  are  being 
incorporated  into  current  experiments 
and  space  flights  dealing  with  spacecraft 
charging. 


Hi-Star  South  payload,  atop  Arrobcc  200, 
ready  for  launch  from  Woomcra,  Australia. 


and  the  third  into  an  active  aurora.  Com- 
plementary measurements  were  made  us- 
ing combinations  of  mass  spectrometer, 
E-field  probe,  falling  sphere,  photometer 
and  chemical  release  techniques.  To  make 
data  comparable,  it  was  necessary  to 
launch  all  three  vehicles  in  each  series 
within  5 minutes.  Two  payloads  were 
recovered  for  later  reuse. 

Laser  Backscatter:  An  Aerobee  150 
was  successfully  flown  in  June  of  1975 
carrying  the  first  rocket-borne,  high 
power  dye  laser.  Backscatter  from  aero- 
sols illuminated  by  the  laser  was  collected 
on  a 14-inch  diameter  mirror  and  mea- 
sured with  a high  sensitivity  photometer. 
The  payload  design  accommodated  a 
super  clean  mirror  compartment,  a very 
large  cjectable  door  and  high  power  dis- 
sipation with  associated  high  voltage  and 
RF  noise  problems.  The  payload  was 
recovered  and  will  be  refurbished  and  re- 
flown. 

ICECAP:  T his  program,  sponsored  by 
the  Defense  Nuclear  Agency,  was  success- 
fully concluded  during  launch  campaigns 
in  both  1975  and  1976  at  Poker  Flat 
Research  Range,  Alaska.  The  1975  scries 
of  nine  rockets  was  flown  to  obtain 
diagnostic  chemistry  of  infrared  emissions 
in  the  February-Nlarch  period.  AFGL 
provided  all  of  the  instrumented  pay- 
loads:  four  6-inch,  four  12-inch  and  one 
1 7-inch.  The  1 7-inch  payload  was  a com- 
plex, multi-instrumented,  attitude  con- 
trolled, 860-pound  payload,  the  heaviest 
AFGI.  hits  flown  to  date.  This  payload 
and  the  12-inch  ones  were  successfully 
recovered  from  the  Arctic  tundra. 


Exercise  PARADISE  AEOLUS:  Nine 
Paiute-Tomahawks  were  flown  from  Ft. 
Churchill,  Canada,  in  April  1975  for  this 
program.  These  rockets  were  launched  in 
three  series  of  three,  each  series  into  dif- 
ferent atmospheric  conditions.  The  first 
series  was  launched  into  disturbed  mag- 
netic conditions,  the  second  into  quiet 


ICECAP  76  consisted  of  the  refurbish- 
ed Defense  Nuclear  Agency  17-inch 
diameter  payload  which  was  originally 
flown  in  1975,  plus  two  AFGL  density 
(X-ray  composition  and  falling  sphere) 
payloads.  All  of  the  experiments  were 
flown  successfully.  Additional  DNA 
vehicles  were  originally  scheduled  as  part 
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Engineering  Research:  The  Division 
has  conducted  a continuing  effort  to 
provide  for  advanced  instrumentation 
and  flight  systems.  This  project  has  result- 
ed in  several  unique  accomplishments. 
Two  different  telemetry  tracking  systems 
have  been  developed.  1 he  first  system, 
known  as  IRA  1 EE/l 'RADA  1 , consists 
of  a transportable  UMF  telemetry  auto 
track  system  (TRATKL.)  combined  with 
a VI  IF  ranging  and  trajectory  determining 
system  (TRAl)AT).  litis  system  was 
successfully  tested  during  the  ICECAP 
75  Program  at  Poker  Flat  Research  Range, 
Alaska.  The  TRATEE/TRADAI  System 
can  be  deployed  to  any  type  of  remote 
rocket  launch  site  and  is  capable  ol  pro- 
viding reliable  telemetry  data  reception 
and  accurate  rocket  vehicle  trajectory 
data,  replacing  the  need  for  a much 
more  complex  radar  system. 


of  this  series,  but  bad  weather  and  lack 
of  required  auroral  conditions  caused  a 
reduction  in  the  number  of  payloads 
flown. 


Tcn-inch  instrumented  sphere  payload  with 
integrated  telemetry  and  transponder  beacon 
systrm. 


Mid  Latitude  Twilight  D-Region  Stud- 
ies: Six  Astrobee  D vehicles  were  launch- 
ed within  a 13-hour  period  from  White 
Sands  Missile  Range,  New  Mexico,  in 
December  1975.  Infrared  measurements 
of  hydroxyl  (Ol  I ) emissions  were  made 
by  payload  instrumentation  prior  to, 
during  and  after  both  sunrise  and  sunset 
transitions.  In  conjunction  with  these 
studies,  a mobile  laboratory  located  at 
the  payload  preparation  area  conducted 
synoptic  measurements  with  ground 
based  sensors. 


Comparison  of  the  standard  1 RA  I t l / 
TRADAT  telemetry  tracker  with  the  recently 
developed  MINI-TRACKER. 


Another  addition  to  the  Division’s 
capability  is  a recently  developed  Mini- 
tracker. This  system  is  unique  in  that  it 
is  small  enough  to  be  brought  to  a remote 
site  on  an  airplane  as  baggage,  if  required. 
This  highly  reliable  system  is  ready  for 


acceptance  testing  .inti  for  use  in  support 
of  future  AFGl.  launch  missions.  It  will 
provide  complete  I’HF  telemetry,  auto 
tracking  and  data  reception.  The  design 
permits  the  future  addition  of  the  cap- 
ability for  determining  a trajectory. 
Only  one  man  is  required  to  set  up  and 
operate  the  tracker.  An  integrated,  flush 
mounted  antenna  system  was  developed 
lor  use  with  the  Ute/Paiute- Tomahawk 
rockets.  This  system  provides  for  an 
interchangeable  strip-line  antenna  section 
which  can  be  fabricated  for  either  S-Band 
telemetry  and  S-Band  beacon  application 
or  for  use  with  a C-Band  beacon  and  S- 
Band  telemetry  system.  The  technology 
developed  has  many  aerospace  vehicle 
applications.  A typical  example  was  the 
instrumentation  of  a 10- inch  sphere  for 
a density  measurement  program.  The 
sphere  contains  an  integral  S-Band  PCM 
telemetry  system  and  a miniature  C-Band 
transponder  for  trajectory.  1 he  first 
operational  test  of  this  complete  system 
will  be  at  Kwajalein  Missile  Range  in 
August  1976. 

Work  is  also  progressing  to  provide 
computer  controlled  PCM  telemetry  data 
collection  at  remote  sites.  A prototype 
system  is  being  developed  that  will  be 
used  with  future  AFGI.  research  rockets 
instrumented  with  complex  PCM  equip- 
ment. 

Dispersion  Control  System:  High  alti- 
tude sounding  rockets  have  always  pre- 
sented a problem  to  small  test  ranges, 
such  as  White  Sands  Missile  Range,  New 
Mexico,  because  of  their  large  impact 
dispersion.  As  previously  reported,  the 
Division  developed  a strap-on  dispersion 
control  system  that  can  be  added  to  exist- 
ing payloads  without  modification.  Re- 
cent technological  advances  permit  the 
design  of  a light,  relatively  inexpensive 
package. 

The  heart  of  the  system  is  a 16  bit 
microprocessor  that  does  all  the  calcula- 
tions and  transformations  in  the  control 
program.  A commonly  used  digital  gyro 


New,  flush-mounted  UHF  telemetry  and  C* 

Band  beacon  antenna  mounted  underneath 
older  types  of  antennas. 

platform  provides  attitude  reference 
information  while  the  aerodynamic  fins 
are  controlled  by  a modified  pneumatic 
package  from  an  existing  tactical  missile, 
l ire  design  was  successfully  proven  by  a 
test  llight  in  October  1975. 

Zero  Angle  of  Attack  Attitude  Control 
System:  As  experiments  become  more 
sophisticated,  the  payload  angle  of  attack 
(angle  between  the  payload  longitudinal 
centerline  and  the  velocity  vector) 
becomes  more  critical  for  good  data 
collection  by  some  experiments.  To 
reduce  this  angle  of  attack  to  near  zero, 
AFGI.  used  an  attitude  control  system 
(ACS)  on  a small,  12-inch  diameter  pay- 
load  flown  in  September  1975.  The 
three-axis  ACS.  using  Freon  14  as  the 
reaction  gas,  was  preprogrammed  to  pitch 
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the  300-pound  payload  at  a constant  rate 
to  closely  match  the  expected  gravity 
turn  of  the  velocity  vector. This  was  done 
on  two  payloads  in  support  of  mid-lati- 
tude composition  measurements.  Both 
experiments  were  successful.  The  pay- 
loads  were  recovered;  the  ACS’s  will  be 
refurbished  and  reprogrammed  to  support 
different  missions  in  the  future. 


Dispersion  control  system  test  payload  under- 
going pre-launch  checks. 


Aries  Recovery  System:  A 66-foot 
paraform  parachute  recovery  system,  the 
largest  of  its  type  ever  tested,  was  success- 
fully drop-tested  at  El  Centro,  California, 
on  May  13,  1976.  The  recovery  system, 
using  actual  Aries  flight  hardware  for 
deployment  and  a 1500-pound  cylinder 
for  payload  simulation  was  dropped  from 
18,000  feet  by  a C-130  aircraft. 

The  paraform  design  is  a significant 
improvement  over  conventional  designs. 
It  hits  all  of  the  desirable  features  of  a 
ring  sail  parachute:  a wide  tolerance  of 
deployment  conditions,  low  opening 
loads,  good  stability,  and  in  addition,  is 
a much  simpler,  lighter  weight  design. 
This  system  will  be  used  for  recovery  of 


payloads  flown  on  the  Multispectral 
Measurements  Program. 


AIAA  Fourth  Sounding  Rocket  Tech- 
nology Conference;  In  June  1976,  the 
Division  hosted,  for  the  first  time,  the 
AlAA-sponsored  Sounding  Technology 
Conference.  This  conference  was  high- 
lighted by  its  commemoration  of  the  50th 
anniversary  of  Dr.  Robert  H.  Goddard’s 
historic  first  rocket  flight  in  Auburn. 
Massachusetts,  on  March  16,  1926. 


Dispersion  control  test  flight  leaving  launmer 
at  WSMR. 
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RESEARCH  SATELLITES 

In  recent  years,  the  Division  has  been 
responsible  for  technical  management  of 
research  satellites  and  has  designed  and 
fabricated  the  spacecraft.  One  of  these, 
the  OV5-6,  a small  satellite  designed  to 
measure  solar  radiation,  was  flown  piggy- 
back on  a Titan  III  in  May  1969  and 
achieved  an  orbit  of  10,000  by  60,000 
nautical  miles.  All  systems  are  still  work- 
ing in  tne  satellite  but  early  in  1976  data 
taking  was  curtailed  after  making  com- 
parison measurements  on  the  recently 
launched  SOLRAD  II  which  has  similar 
experiments  of  a more  recent  design. 
The  OV5-6  performed  well  for  a period 
four  times  its  design  life  of  18  months 
and  supplied  much  valuable  scientific 
data  to  experimenters  of  the  Space 
Physics  Division. 

Presently,  the  Division  is  providing 
technical  assistance  to  AFGL  scientists 
who  are  piggybacking  experiments  on 
satellites.  The  Division  serves  as  a focal 
point  for  these  programs  and  interfaces 
with  the  military  program  office  and  the 
spacecraft  contractor.  Division  engineers 
conduct  environmental  and  electronic 
tests  to  certify  the  experiments  and 
coordinate  integration  and  tests  of  the 
instruments  at  the  satellite  manufac- 
turer’s plant.  Assistance  is  provided  from 
experiment  conception  through  data  col- 
lection. During  this  report  period,  three 
research  satellites  were  successfully- 
launched.  All  12  AFGL  experiments  on 
board  the  satellites  were  successful  and 
much  valuable  data  have  been  obtained. 


JOURNAL  ARTICLES 
JULY  1974  JUNE  1976 


NOLAN,  G.  F.  (Contributing  Author) 

Manual  of  Remote  Sensing. 

Vol.  1,  Theory,  Instm.,  and  Techniques,  The  Am.  Soc. 
of  Photogram.  (1975) 


PAPERS  PRESENTED  AT  MEETINGS 
JULY  1974-  JUNE  1976 


CORDFLLA,  R.  11.,  J R.,  CaPT. 

A Control  and  Telemetry  System  for  a Balloon  Borne 
Air  Sampling  Package 

8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 

(30  September  • 3 October  1974) 


Doherty,  F.  X. 

The  USAF  Geophysics  Laboratory  Balloon  Program 
19th  Plenary  Mtg.  of  Comm,  on  Space  Res.  (COSPAR), 
Univ.  of  Pa.,  Philadelphia,  Pa.  (8  19  June  1976) 


Dwyer,  J.  F. 

Free  Balloon  Capabilities:  A Critical  Perspective 
8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 
(30  September  - 3 October  1974) 


Gildf.nbf.rg,  B.  D. 

Computer  Techniques  for  Balloon  Operations 
8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 
30  September  - 3 October  1974) 


Korn,  A. 

Unmanned  Powered  Balloons 

8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 

(30  September  - 3 October  1974) 


Taping.  It,  and  Griffin,  A.  R. 

An  Advanced  Balloon  Locating  System 

8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 

(30  September  • 3 October  1974) 


LF  Cl.AIRF,  R.  C.,  1 ST  LT.,  and  SCHUMACHER, 
H.  L.,jR.,  2ND  LT. 

Local  Motions  of  a Payload  Supported  by  a Nolaro 
Tri-tethered  Balloon 

8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 

(30  September  • 3 October  1974) 


Marcuccl  M.  G.,  Capt. 

Sphere  Design  for  a Static  Detonable  ('.as  Experiment- 
GEST 

8th  AFCRL  Sci.  Balloon  Symp.,  Hyannis,  Mass. 

(SO  September  • S October  1974) 
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TECHNICAL  REPORTS 
JULY  1974  - JUNE  1976 


CARTEN,  A.  S.J  R.,  Ed. 

Proceedings,  Eighth  AFCRL  Scientific  Balloon  Sympo- 
sium, 30  September  to  3 October  1974 
AFCRL-TR -74-0393  (21  August  1974) 

An  Investigation  of  the  Applicability  of  High  Altitude, 
L igh ter- Than-A ir  (ETA)  Vehicles  to  the  Tactical 
Communications  Relay  Problem 
AFCRL-TR  74-0399  (20  August  1974) 

Ed.. 

Proceedings  (Supplement).  Eighth  AFCRL  Scientific 
Balloon  Symposium.  30  September  to  3 October  1974 
AFCRL-TR- -74-0596  (2  December  1974) 

CORDELLA,  R.  H.,Jr.,CaPT. 

A Control  and  Telemetry  System  for  a Balloon  Borne 
A ir  Sampling  Package 

P roc.,  8th  AFCRL  Sci.  Balloon  Symp.,  30  Sept,  to  3 
Oct.  1974.  AFCRL-TR  74-0393  (21  August  1974) 


Dwyer,  J.  F. 

Free  Balloon  Capabilities:  A Critical  Perspective 
Proc.  (Suppl.),  8th  AFCRL  Sci.  Balloon  Symp..  30 
Sept,  to  3 Oct.  1974.  A.  S.  Garten,  Jr..  Ed.,  AFCRL 
TR-74-0596  (2  December  1974) 


Gildenberg.  B.  I). 

Computer  Techniques  for  Balloon  Operations 
Proc.,  8th  AFCRL  Sci.  Balloon  Symp.,  30  Sept,  to 
3 Oct.  1974,  AFCRL  TR-74-0393  (21  August  1974) 


Korn,  A. 

Unmanned  Powered  Balloons 

Proc.,  8th  AFCRL  Sci.  Balloon  Symp.,  30  Sept,  to 

3 Oct.  1974,  AFCRL  TR-74-0393  (21  August  1974) 


LAPING,  H„  and  GRIFFIN,  A.  R. 

An  Advanced  Balloon  Locating  System 

Proc.,  8th  AFCRL  Sci.  Balloon  Symp.,  30  Sept,  to 

3 Oct.  1974.  AFCRL-TR- 74-0393  (21  August  1974) 


I.e  Claire,  R.  C.,  1 st  Lt„  and  Schumacher, 
H.  L.Jr„  2nd  I.t. 

Local  Motions  of  a Payload  Supported  by  a Solaro 
Tri- tethered  Balloon 

Proc.,  8th  AFCRL  Sci.  Balloon  Symp.,  30  Sept,  to  3 
Oct.  1974,  AFCRL-TR  74-0393  (21  August  1974) 

Marcucci,  M.G.,Capt. 

Sphere  Design  for  a Static  Detonable  C 'as  Experiment 
CFST 

Proc.,  8th  AFCRL  Sci.  Balloon  Symp.,  30  Sept,  to  3 
Oct.  1974,  AFCRL-TR- 74-0393  (21  August  1974) 


Miller,  P.  L„  Jr„  Capt. 

A Method  for  the  Calculation  of  Parachute  Opening 
Forces  for  High  Altitude  Balloon  Payloads 
AFCRL-TR- 7 5-0260  (7  May  1975) 


Pickell,  J . R„  Capt. 

Dispersion  Control  System  for  Sounding  Rockets 
A FGL-TR- 76-0044  (4  March  1976) 


Steeves,  R.  G„  Miranda,  H.  A.,and 
DULCHINOS,  J.  (Epsilon  Lahs.,  Bedford,  Mass.) 
Celestial  A sped  Sensor  System 
AFCRL-TR- 7 5-0596  (20  November  1975) 


Jackson,  I).  K„ Capt.,  and  Rice,  C.  B. 

Motions  of  a Payload  on  a Tethered,  Aerodynamic- 
Shape  Balloon  Using  Various  Cable  Lengths 
AFCRL-TR-75-01 48  (17  March  1975) 


Wilton,  R.  E. 

Antenna  Developments  for  Aerospace  Research 
Vehicles 


AFCRL-TR- 7 5-02 39  (SO  April  1975) 


IV  SPACE  PHYSICS  DIVISION 


The  technical  program  of  the  Space 
Physics  Division  is  concerned  with  space 
environment  effects  on  Air  Force  sys- 
tems. Space  affects  operational  systems 
because  it  is  a dynamic  environment  with 
daily  and  seasonal  variations  and  with 
naturally  occurring  disturbances.  These 
variations  and  disturbances  are  caused  by 
the  sun.  Therefore,  the  Division's  program 
deals  with  the  phenomenon  of  solar  acti- 
vity and  how  to  predict  it.  It  is  concerned 
with  the  radio  and  particle  emissions  re- 
sulting from  such  activity  and  with  the 
propagation  of  solar  particles  through  'he 
interplanetary  medium  to  the  vicinity  of 
the  earth.  It  deals  with  the  interaction  of 
such  particles  with  the  earth’s  magneto- 
sphere, and  with  the  particle  fluxes  and 
energies  within  the  magnetosphere.  It  in- 
cludes investigation  of  magnetic  disturb- 
ances and  storms  and  ionospheric  irregu- 
larities resulting  from  particle  precipita- 
tion and  varying  electron  densities. 

In  accomplishing  its  programs,  the 
Division  observes  and  monitors  the  im- 
portant parameters  in  near-earth  space 
with  instrumentation  carried  by  satellites 
such  as  the  Air  Force  small  scientific 
satellites,  the  Navy  SOLRAD  HI,  and  on 
NASA  satellites.  Observations  and  meas- 
urements are  made  also  from  a dedicated, 
heavily  instrumented  KC- 1 35  which  func- 
tions as  an  airborne  ionospheric  observa- 
tory. The  flying  observatory  is  used  in  a 
program  of  ionospheric  mapping  and  in 
the  study  of  ionospheric  disturbances 
both  in  the  arctic  and  in  the  equatorial 
regions. 


60 


To  complement  the  satellite-and  air- 
craft-borne  observations,  the  Division 
maintains  a number  of  ground-based  ob- 
servational sites  such  as  the  solar  radio 
observing  site  at  Sagamore  Hill,  Massa- 
chusetts, the  ionospheric  observatory  at 
Goose  Bay,  Labrador,  its  network  of 
magnetic  disturbance  monitors  across 
the  northern  United  States  and  its  solar 
research  branch  at  the  NSF-operated 
Sacramento  Peak  Observatory. 

SOLAR  RESEARCH 

A complete  understanding  of  naturally 
occurring  disturbances  in  the  magneto- 
sphere and  the  ionosphere  requires  an 
understanding  of  the  solar  contribution 
to  such  disturbances.  The  Air  Force  is 
concerned  with  the  degrading  effects  on 
its  communication  and  surveillance  sys- 
tems which  result  from  interaction  of 
those  systems  with  a dynamic  space  en- 
vironment. However,  the  occurrence  of 
the  magnetic  storms  or  proton  showers 
which  cause  these  disturbances  cannot 
be  predicted  without  a knowledge  of 
the  solar  activity  which  causes  them. 


Examples  of  the  predicted  output  for  several 
energy  channels  showing  the  differences  be- 
tween the  profiles  generated  for  various  flares. 
The  profile  on  the  right  is  a relatively  simple 
time-intensity  profile.  The  center  figure 
illustrates  the  effects  of  solar  wind  modulation 
on  predicted  particle  fluxes  at  the  earth  as 
indicated  by  the  sudden  decrease  on  all  energy 
channels.  The  figure  on  the  left  illustrates 
the  predicted  flux  from  a two  flare  injection, 
separated  by  approximately  23  hours. 


Systems  operators  need  forecasts  or 
predictions  of  the  onset  of  these  distur- 
bances with  adequate  warning  time  to 
take  appropriate  action  to  compensate 
for  the  effects  of  the  disturbances.  To 
develop  this  capability,  the  Air  Force  has 
maintained  a solar  research  program  for 
more  than  25  years.  At  the  Air  Force 
Geophysics  Laboratory,  this  program  has 
included  studies  of  particle  emission  from 
the  sun,  of  electromagnetic  emissions 
such  as  X-radiation,  ultraviolet,  visible, 
and  radio  frequency  radiation,  and  obser- 
vation of  physical  changes  on  the  surface 
of  the  sun. 

That  portion  of  the  solar  research  pro- 
gram which  deals  with  solar  physics  and 
with  optical  observations  of  phenomena 
related  to  solar  activity  such  as  sunspots 
and  flares  is  conducted  by  the  Solar  Re- 
search Branch  of  the  Space  Physics  Divi- 
sion. This  branch  is  located  at  the  Sacra- 
mento Peak  Observatory  in  New  Mexico. 
That  facility,  now  owned  and  managed 
by  the  National  Science  Foundation, 
makes  available  to  the  Solar  Research 
Branch  all  its  excellent  observing  tele- 
scopes and  other  instruments  as  well  as 
its  computer. 

The  research  program  of  the  Solar  Re- 
search Branch  is  concerned  with  the 
physics  of  the  sun.  To  achieve  its  ultimate 
goal  of  being  able  to  predict  the  solar 
activity  which  will  result  in  the  particle 
emissions  of  concern  to  the  Air  Force,  it 
is  necessary  to  investigate  the  underlying 
causes  for  the  development  of  solar  acti- 
vity such  as  sunspots  and  flares.  Such  re- 
search involves  not  only  observations  of 
physical  changes  on  the  visible  surface  of 
the  sun,  but  also  involves  a study  of  the 
basic  physics  of  the  sun.  It  is  concerned 
with  the  transfer  of  energy,  particularly 
from  the  body  of  the  sun  to  the  corona, 
with  convection,  with  the  morphology 
of  sunspots,  and  with  the  magnetohydro- 
dynamics  of  the  sun.  Coronal  holes  are 
presently  being  investigated.  These  are 
regions  of  low  density  in  the  solar  corona 
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which  were  first  discovered  with  X-ray 
detectors  on  Skylab.  Ihe  appearance 
and  location  of  coronal  holes  have  been 
correlated  with  the  occurrence  of  geo- 
magnetic activity  in  the  earth's  magneto- 
sphere. The  Solar  Research  Branch  has 
devised  techniques  for  observing  coronal 
holes  from  the  ground,  and  is  active  in 
studying  the  relationship  between  coro- 
nal holes  and  geomagnetic  activity. 

Another  responsibility  of  the  Solar 
Research  Branch  is  to  support  the  Air 
Weather  Service  in  its  efforts  to  monitor 
and  forecast  the  occurrence  of  geophysi- 
cally significant  solar  flares.  The  Solar 
Optical  Observing  Network  system 
(SOON)  was  developed  at  the  Sacramento 
1’eak  Observatory  by  Air  Force  scientists 
for  the  Air  Weather  Service  and  is  now 
being  installed  at  several  Air  Force  sites. 
The  system  consists  of  a sophisticated  10- 
inch  evacuated  telescope  with  associated 
filters,  spectrograph  and  magnetograph 
for  observations  of  solar  emissions  in  the 
visible  spectrum.  The  Solar  Research 
Branch  is  working  closely  with  Air  Weath- 
er Service  personnel  to  establish  criteria 
for  observing  solar  activity,  to  determine 
what  observable  phenomena  can  be 
utilized  as  precursors  of  solar  flares,  and 
to  provide  scientific  and  technical  gui- 
dance as  needed. 

SOLAR  PARTICLE  PHENOMENA 

During  periods  of  high  solar  activity,  a 
greatly  enhanced  charged  particle  popula- 
tion propagates  from  the  sun  through 
the  interplanetary  medium.  The  solar 
energetic  particles  emitted  from  the  sun 
on  interplanetary  magnetic  field  lines 
leading  from  the  sun  to  the  vicinity  of 
the  earth  will  travel  through  the  earth’s 
magnetosphere  and  impinge  on  the  polar 
ionosphere.  Solar  particle  events  have  a 
deleterious  effect  not  only  on  polar  com- 
munication systems  but  also  on  satellite- 
sensors  that  arc  irradiated  by  solar  particle 
fluxes. 


To  understand  and  thus  be  able  to 
minimize  the  effects  of  these  solar  particle 
influxes  on  Air  Force  systems,  AF'GI, 
conducts  modeling  studies,  an  experi- 
mental program  and  theoretical  investiga- 
tions. The  modeling  studies  range  from 
numerical  statistical  descriptions  of  the 
available  data  to  phenomenological 
models  that  incorporate  physical  process- 
es to  generate  a predicted  time/intensity 
profile  of  the  particle  fluxes.  The  in  situ 
experimental  program  began  with  meas- 
urements of  solar  particles  and  has  cul- 
minated in  real-time  monitoring  of  solar 
particle  intensities.  The  theoretical  inves- 


Spaceflight  components  of  the  Rapid  Scan 
Particle  Detectors.  Electrostatic  Analyzers 
(upper)  will  analyze  medium  energy  particles, 
while  solid  state  detectors  (lower)  will  analyze 
high  energy  particles.  A total  of  12  sensors 
will  be  assembled  in  one  package  to  make  the 
Rapid  Scan  Particle  Detector. 

tigations  involve  studies  of  particle 
acceleration  mechanisms  on  the  sun,  in 
the  interplanetary  medium  and  in  the 
vicinity  of  the  earth. 

Modeling  Studies:  To  delineate  the 
solar  parameters  associated  with  geophys- 
ically significant  solar  particle  events,  a 
catalog  was  prepared  using  available  satel- 
lite and  ground-based  data.  Summaries 
of  this  extensive  data  compilation  were 
included  in  the  Catalog  of  Solar  Particle 
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Events,  1955-1969.  For  each  event,  onset 
time,  time  of  maximum  intensity,  magni- 
tude and  duration  are  listed  together  with 
a set  of  descriptive  notes.  In  addition,  the 
book  contains  data  on  solar  optical, 
radio,  and  X-ray  phenomena  associated 
wih  particle  events. 

As  part  of  the  on-going  development 
of  prediction  schemes  for  solar  proton 
fluxes,  a second  generation  solar  particle 
event  model  was  prepared  lor  the  Air 
Weather  Service.  This  model  can  he  used 
in  conjunction  with  real-time  solar  opti- 
cal and  solar  radio  data  available  lrorn  the 
Solar  F.lectromagnetic  Observing  Net 
work,  and  X-ray  and  proton  measurements 
available  at  the  Space  Knvironment  Sup- 
port Facility,  rhe  computer  program  pre- 
dicts a time/intensity  proton  llux  profile 
for  as  many  as  15  different  energy  inter- 
vals. The  p'ogram  ran  be  run  in  several 
modes  including  a prediction  mode  when 
only  the  solar  Hare  position  and  electro- 
magnetic emission  characteristics  (X-ray 
or  radio  outpu')  are  known,  and  an  up- 
date mode  that  permits  initial  predictions 
to  be  updated  when  more  definitive  input 
parameters  or  real-time  solar  proton  data 
have  been  acquired.  Fite  program  can  also 
handle  several  different  solar  proton 
events  simultaneously. This  isoften  neces- 
sary during  solar  active  periods  when  the 
particle  llux  from  a new  solar  proton 
event  may  be  detected  at  the  earth  before 
the  flux  from  a previous  event  has  decay- 
ed. In  addition  to  generating  a predicted 
time/intensity  llux  profile  for  selected 
channels  of  particle  data  from  the  satel- 
lites being  monitored,  the  program  gen- 
erates a predicted  polar  cap  absorption 
profile  for  both  daytime  and  nighttime 
conditions,  allowing  direct  comparison 
with  riometcr  data  available  from  observ- 
ing locations  in  the  Arctic.  The  predic- 
tion program  can  utilize  real-time  solar 
wind  data  to  better  define  the  propaga- 
tion conditions  existing  between  the  sun 
and  the  earth  at  the  time  of  the  solar  pro- 
ton event. 


Special  versions  of  this  program  pre- 
pared at  AFGL  on  the  CDC  6600  com- 
puter were  designed  to  be  directly  com- 
patible with  the  Air  Force  Global  Weath- 
er Central  Univac  1 108  computer  system 
and  the  Real  Time  Operating  System. 
This  program  satisfies  the  Air  Weather 
Service  need  for  an  improved  solar  pro- 
ton prediction  model  to  be  used  as  a fore- 
cast aid  for  the  AFGWC  Space  Environ- 
ment Support  Facility.  In  addition  to  be- 
ing used  by  the  Air  Force,  the  National 
Oceanic  and  Atmospheric  Administration 
Space  Disturbance  Laboratory  is  using  a 
specialized  version  of  this  program  in 
their  forecast  center.  This  program  util- 
izes the  X-ray  data  available  to  the 
NOAA  Space  Environment  Support  Cen- 
ter from  the  SMS/GEOS  satellites  with 
the  proton  energy  intervals  adjusted  to 
match  the  energy  channels  from  the  Solar 
Proton  Measuring  Experiment  on  the 
SMS/GEOS  satellites  and  the  NOAA 
satellites. 

Computer  software  to  process  and  ana- 
lyze electron  and  proton  data  from  USAF 
synchronous  orbit  satellites  has  also  been 
prepared  to  support  the  Air  Weather 
Service.  One  computer  program  examines 
electron  and  proton  data  on  receipt  by 
AFGWC  to  determine  if  environmental 
anomalies  or  solar  proton  events  have  oc- 
curred. Another  program  processes  the 
available  data  at  scheduled  intervals, 
senses  when  the  particle  radiation  is  being 
modulated  by  geomagnetic  substorms 
near  the  satellite,  and  produces  summaries 
of  environmental  conditions.  The  AWS 
Space  Environment  Support  Facility  sup- 
plies the  output  of  these  programs  to  its 
operational  customers. 

Completed  calculations  have  deter- 
mined a world  grid  of  vertically  incident 
proton  cutoff  rigidity  values,  so  that 
charged  particle  access  from  space 
through  the  earth's  magnetic  field  to  the 
earth's  atmosphere  can  be  determined. 
Cutoff  rigidity  is  defined  as  the  lowest 
momentum  to  charge  ratio  which  a par- 
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tide  can  have  and  still  arrive  at  a specific 
point  on  the  earth’s  surface  from  a spec- 
ified direction.  In  the  vertical  direction 
the  cutoff  rigidity  has  a value  of  13  to 
18  GV  at  the  magnetic  equator  and  is 
theoretically  zero  at  the  magnetic  poles. 

The  general  equation  of  particle  mo- 
tion in  a magnetic  field  does  not  have  a 
solution  in  closed  form  even  in  a simple 
dipole  field.  Detailed  and  extensive  nu- 
merical calculations  of  cosmic-ray  trajec- 
tories in  a mathematical  model  of  the 
earth's  magnetic  field  are  required  to 
determine  which  rigidities  are  allowed 
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Proton  flux  distributions  in  the  South  Atlantic 
Anomaiv  for  a h«  mht  of  750  km.  Thr  number 
of  protons  at  energies  ot  6 and  35  MeV  art* 
indicated.  Also  shown  arc  the  magnetic  field 
shells,  listed  according  to  the  altitude  (in 
earth  radii)  at  which  the  shell  crosses  thr  mag- 
netic equator. 

at  a specific  geographical  location.  For 
these  calculations  the  International 
Geomagnetic  Reference  Field  representa- 
tion for  a 1965  and  a 1975  Epoch  were 
used  to  evaluate  the  magnitude  of  secu- 
lar changes.  The  resulting  cutoff  values 
are  believed  to  be  the  most  accurate 
available  during  quiescent  conditions  for 
low  and  mid  latitudes.  Comparisons  with 


measurements  from  balloon-borne  detec- 
tors show  quite  good  agreement  between 
these  theoretical  values  and  the  experi- 
mentally derived  values.  While  these  re- 
sults are  standard  for  low  and  mid  lati- 
tudes, they  are  not  applicable  to  the  polar 
regions  since  the  magnetospheric  effects 
are  not  included  in  the  internal  geomag- 
netic field  model  used. 

Experimental  Measurements  and  Re- 
sults: Observations  of  solar  particle  fluxes 
outside  the  magnetosphere  are  made 
by  using  instrumentation  on  the 
SOLRAD  1 1 satellites.  In  a cooperative 
program  between  the  Navy  and  the  Air 
Force,  the  SOLRAD  11 A and  11B 
satellites  were  successfully  launched  on 
March  15,  1976.  These  satellites  were 
placed  in  a 20  earth  radii  circular-equa- 
torial orbit,  and  then  separated  until  they 
reached  their  final  configuration  of  180 
degrees  apart  in  July  1976.  Each  satellite 
carries  an  identical  set  of  experiments  to 
measure  continuous  electromagnetic,  X- 
ray,  ultraviolet,  and  particle  emission 
from  the  sun;  the  solar  wind;  stellar  and 
earth-aurora  X-ray  emission;  and  the 
visible  and  infrared  emission  of  the  earth's 
albedo.  This  pair  of  satellites  can  monitor 
solar  electromagnetic  and  particle  emis- 
sion continuously  in  real  lime  to  furnish 
warnings  of  solar  outbursts  that  will  de- 
grade the  performance  of  ionospheric- 
dependent  operational  systems.  In  addi- 
tion, the  data  obtained  will  provide  an 
expanded  data  base  from  solar  minimum 
to  solar  maximum  that  will  he  used  to 
improve  prediction  techniques. 

Space  Physics  Division  personnel  pre- 
pared and  delivered  instrumentation  for 
the  SOLRAD  1 1 satellites  to  monitor 
the  solar  particle  fluxes.  The  proton-alpha 
telescope  detects  1 to  100  MeV  protons 
and  10  to  100  MeV  alpha  particles  in 
eight  energy  ranges.  The  low  energy  pro- 
ton spectrometer  measures  protons  be- 
tween 150  keV  and  6 MeV  in  12  energy 
ranges.  The  particle  data  provided  by 
these  instruments  on  the  SOLRAD  1 1 
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satellites  should  fulfill  the  operational  re- 
quirements for  monitoring  the  near-earth 
solar  particle  environment. 

With  the  launch  of  the  SOI. RAD  1 1 
satellites,  tracking  of  the  extremely  suc- 
cessful OV5-6  will  be  discontinued.  The 
OV5-6  satellite  has  been  providing  data 
since  1969.  In  the  past  two  years,  data 
from  the  proton-alpha  telescope  on  this 
satellite  were  used  to  establish  an  im- 
proved relationship  between  solar  flare- 
proton  fluxes  and  riometer  absorption. 
Separate  calculations  were  made  for  the 
day  and  night  coefficients  and  the  results 
were  shown  ter  be  consistent  with  obser- 
vations. These  relationships  were  incor- 
porated in  the  proton  prediction  model 
provided  to  the  Air  Weather  Service  as 
described  previously. 

These  same  data  have  also  added  to  our 
knowledge  of  the  processes  of  solar  pro- 
duction, storage  and  interplanetary  prop- 
agation. A comparison  of  the  results  of 
Lanzerotti  and  MacLennan  obtained  dur- 
ing solar  maximum  (1967-1969)  with 
the  OV5-6  results  obtained  during  the 
declining  phase  of  the  solar  cycle  (1969- 
1972)  showed  similar  values  for  the  rela- 
tive alpha  particle/proton  abundance. 

A separate  analysis  of  OV5-6  and  S72-1 
solar  protons  events  was  also  made.  The 
energy  to  be  expected  from  temporary 
storage  near  the  sun  was  compared  with 
that  from  interplanetary  diffusion  proces- 
ses. The  observed  results  clearly  favor 
storage  in  the  vicinity  of  the  sun. 

Theoretical  Studies:  A recent  puzzle 
of  solar  physics  was  the  observation  of 
an  enhancement  of  helium-3  isotopes 
over  deuterium.  According  to  the  current 
theory  approximately  equal  numbers 
should  be  produced.  A detailed  Monte- 
Carlo  calculation  utilizing  the  latest  cross- 
section  measurements  showed  that  pro- 
tons mirroring  just  below  the  solar  atmo- 
sphere will  produce  excess  hclium-3  along 
the  field  line  emanating  from  the  solar 
surface. 


MAG1MET0SPHERIC  PHENOMENA 

1 he  earth’s  magnetic  field  traps  charged 
particles  to  form  the  inner  and  outer 
Van  Allen  radiation  belts.  These  high- 
intensity  particle  tlux  zones  pose  severe 
radiation  hazards  to  both  operational 
systems  an  I man.  1 he  solar  wind  and  the 
interplanetary  magnetic  field  impinge 
on  the  earth's  magnetic  field  to  pro- 
duce magnetic  storms  and  substorms. 
Intense  electric  currents  flowing  in  the 
ionosphere  and  i hanges  in  charged  par- 
ticle densities  in  the  ionosphere  disrupt 
satellite  communications.  AFGL  con- 
ducts programs  in  both  of  these  areas  to 
improve  Air  Force  satellite  performance 
and  reliability. 

Trapped  Energetic  Particles:  AFGl. 
uses  instruments  on  low-altitude  satellites 
to  monitor  the  near-earth  energetic  par- 
ticle environment,  develops  theoretical 
particle  transport  models  to  understand 
the  underlying  physical  mechanisms,  and 
investigates  the  interaction  of  trapped 
radiation  with  matter  to  determine  the 
radiation  components  most  destructive 
to  Air  Force  space  systems. 

The  energetic  trapped  proton  environ- 
ment (0.1-100  McV)  is  presently  being 
monitored  by  instruments  on  board  the 
S3-2  and  S3-3  satellites.  These  data  will 
complement  and  extend  the  proton 
environmental  models  obtained  from  the 
S72-1  satellite.  They  will  also  be  corre- 
lated with  measurements  by  identical 
instruments  on  board  SOI. RAD  1 1 to 
determine  how  particles  enter  the  trapped 
regions.  The  particle  identifier  instrument 
on  Air  Force  satellite  S72-1  detected 
alpha  particles  at  750  km  altitude,  in  the 
earth’s  radiation  belt.  The  peak  in  the  18 
to  70  McV  per  nucleon  trapped  alpha 
particle  flux  was  located  at  a level  in  the 
magnetosphere  where  the  field  lines  cross 
the  magnetic  equator  at  1.8-2.  8 rad  , as 
opposed  to  a level  of  1.4  earth  radii  for 
the  field  lines  where  the  peak  high  energy 
proton  flux  is  found.  The  reason  for  this 


6.r> 


difference  in  location  is  not  fully  under- 
stood although  the  alpha  particles  are 
probably  of  solar  origin  while  the  high 
energy  protons  probably  come  from 
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The  ion  density  measured  on  a typical  pass 
over  the  magnetic  equator  by  the  ISIS-1  satel- 
lite, showing  the  lack  of  symmetry  if  an 
irregularity  that  crosses  the  magnetic  equator. 

cosmic  ray  stars  as  neutrons,  decaying 
into  protons  in  the  earth’s  magneto- 
sphere. The  number  of  trapped  alpha 
particles  decreases  as  the  fifth  power  of 
the  energy  increases,  becoming  almost 
undetectable  in  the  47-70  MeV  per  nuc- 
leon energy  interval.  This  measurement 
demonstrated  that  sources  of  high  energy 
trapped  particles  other  than  cosmic  ray 
albedo  neutron  decay  must  exist.  Other 
processes  must  be  included  in  any  final 
theory  of  the  earth’s  radiation  belt. 

Recent  dosage  calculations  have  shown 
that  the  2-10  MeV  trapped  electron 
flux  has  a decisive  impact  on  the  life- 
time of  space  systems.  Because  the 
Air  Force  will  need  to  know  more 
about  this  radiation,  improved  instru- 
mentation is  being  developed.  It  will  in- 
clude a magnetic  spectrometer  using 
solid-state  detectors  which  will  give 
position  as  well  as  energy  of  the  par- 
ticles. 

An  AF'GI,  emulsion  package  carried 
on  the  Apollo-Soyuz  space  mission  meas- 
ured the  intensity  of  trapped  protons  in 
the  South  Atlantic  Anomaly.  Maps  of 
the  trapped  proton  fluxes  in  that  portion 
of  the  earth’s  inner  trapped  radiation  belt 


known  as  the  South  Atlantic  Anomaly  are 
required  to  determine  how  much  radia- 
tion Air  Force  satellite  systems  such  as 
DMSP  will  have  to  withstand  when  they 
fly  through  this  region.  Discovery  of  the 
physical  mechanism  responsible  for  inci- 
dent trapped  proton  radiation  damage 
in  a thin  sensitive  layer  was  made  by  ex- 
amining the  light  flash  data  reported  on 
Sky  lab  4. 

The  Skylab  4 astronauts  reported  ob- 
serving intense  bursts  of  light  flash  activi- 
ty during  the  5 to  10  minutes  when  their 
spacecraft  passed  through  the  South  At- 
lantic Anomaly.  Members  of  the  Space 
Physics  Division  showed  that  the  nuclear 
interactions  that  produce  star  patterns  in 
emulsions,  occurring  in  and  near  the  ret- 
ina of  the  observer,  would  cause  flashes 
at  a rate  consistent  with  the  accepted  flux 
values  for  the  South  Atlantic  Anomaly 
and  laboratory  data  on  particle-induced 
visual  sensations  in  humans.  Because  the 
retina  is  analogous  to  a sensitive  th in-film 
layer,  nuclear  interactions  are  expected 
to  be  an  important  cause  of  radiation 
degradation  of  electronic  circuits  in  the 
South  Atlantic  Anomaly. 

J/3  DMSP  Instrument:  T he  Space 
Physics  Division  has  designed,  built,  and 
calibrated  an  electron  spectrometer  desig- 
nated J/3  for  SAMSO  which  is  to  be 
flown  aboard  the  Defense  Meteorological 
Satellite  Program  (DMSP)  satellites.  This 
spectrometer  consists  of  two  electrostatic- 
analyzers,  and  will  measure  the  spectrum 
of  precipitating  electrons  from  50  eV  to 
20  keV.  The  DMSP  low  altitude  (200  km) 
polar  orbiting  satellite  passes  through  the 
precipitating  electrons  that  arc  responsi- 
ble for  the  aurora.  The  data  from  the  J/3 
instrument  will  determine  the  location 
of  the  boundaries  of  the  auroral  oval  and 
will  be  used  to  correlate  electron  fluxes 
with  auroral  observations. 

During  the  design  and  construction  of 
the  instrument,  a computer  program  was 
written  to  trace  the  particle  orbits  from 
the  entrance  slits  to  the  detectors  in  an 
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effort  to  define  the  instrumental  response 
and  detection  elficieticies  as  accurately 
as  possible.  Final  calibration  of  the  instru- 
ment was  performed  using  an  electron 
test  source.  Comparison  of  the  theoreti- 
cal design  response  of  the  instrument 
with  the  actual  electron  source  measure- 
ments indicates  that  this  spectrometer 
has  a better  calibration  accuracy  than  has 
been  previously  available.  These  electron 
spectral  measurements  will  be  utilized  by 
the  Space  Physics  Division  for  correlative 
studies  of  electron  precipitation  with 
substorm  phenomena  at  synchronous  alti- 
tudes along  the  same  magnetic  field  line, 
and  also  by  the  Air  Weather  Service  in 
predicting  the  total  electron  content  of 
the  ionosphere. 

Further  research  on  the  precipitating 
electron  fluxes  will  be  undertaken  by 
flying  a modified  J/3  package  on  board 
the  forthcoming  P78-1  satellite.  The  goal 
of  this  experiment  is  to  measure  the  pitch 
angle  distribution  of  precipitating  auroral 
particles.  These  data  are  necessary  to 
understand  the  acceleration  of  precipitat- 
ing particles  along  the  magnetic  field  lines. 

Magnetospheric-lonospheric  Coupling: 
Magnetic  substorms  at  high  latitudes,  long 
associated  with  communications  and  sur- 
veillance disruptions,  arc  usually  accom- 
panied by  a marked  increase  in  auroral 


activity  and  intense  ionospheric  currents 
(the  auroral  electrojet)  which  can  be  on 
the  order  of  a million  amperes.  The  energy 
source  for  these  magnetic  disturbances 
originates  in  the  sun,  and  is  transported 
to  the  earth’s  magnetospheric  boundary 
by  the  solar  wind,  dissipating  itself  as 
electric  current  flow  in  the  ionosphere 
and  by  particle  precipitation  into  the  at- 
mosphere. Although  some  of  the  condi- 
tions in  the  interplanetary  space  which 
lavor  the  onset  of  substorms,  such  as  the 
southward  turning  of  the  interplanetary 
magnetic  field,  are  now  well  established, 
the  transfer  of  energy  from  the  magneto- 
spheric  boundary  to  the  ionosphere  is 
still  not  fully  understood.  Because  there 
is  not  sufficient  energy  of  convective 
motion  in  the  polar  ionosphere  itself  to 
produce  such  current  intensity,  the  sub- 
storm current  system  is  now  considered 
to  be  driven  by  a potential  deep  in  the 
tail  of  the  magnetosphere  which  is  trans- 
ferred to  the  auroral  oval  ionosphere  by 
the  highly  conducting  paths  along  the 
lines  of  force  of  the  geomagnetic  field. 
Thus,  these  magnetic-field-aligned  cur- 
rents represent  an  effective  coupling 
mechanism  between  the  inner  and  outer 
magnetosphere.  However,  the  coupling 
parameter  responsible  for  triggering  the 
substorm  disturbance  is  still  not  known. 
In  this  three-dimensional  current  model, 
downward  and  upward  field-aligned  cur- 
rents (line  or  sheet  currents)  are  con- 
nected across  the  auroral  oval  ionosphere 
by  the  elcctrojet.  Line  currents  to  the 
east  and  west  of  the  elcctrojet  imply  its 
being  a Pedersen  current,  while  sheet 
currents  to  the  north  and  south  of  the 
auroral  band  would  be  consistent  with 
the  elcctrojet  as  a Hall  current. 

A composite  experiment  measuring 
magnetic  and  electric  field  variations  and 
particle  fluxes  associated  with  magnetic 
disturbances  was  carried  on  Air  Force 
satellite  S3-2.  The  satellite  has  an  alti- 
tude range  from  240  to  1500  km  and  has 
an  orbital  period  of  102  minutes.  The 


electric  field  experiment  is  discussed 
elsewhere  in  this  report.  Electron  fluxes 
are  measured  in  32  discrete  energy 
channels  from  80  eV  to  17  kcV  with  a 
planar  parallel  plate  electrostatic  ana- 
lyzer (ESA).  This  range  includes  elec- 
trons responsible  for  the  aurora  as  well 
as  those  considered  to  be  the  current 
carriers  feeding  the  electrojet.  The  axis 
of  the  instrument  is  perpendicular  to  the 
vehicle  spin  axis.  Since  the  spin  axis  is 
normal  to  the  orbital  plane,  the  ESA 
samples  electrons  while  scanning  through 
all  possible  pitch  angles  once  every  20 
seconds.  Also,  the  field-aligned  currents 
are  detected  indirectly  by  measuring  the 
magnetic  field  that  they  create.  This  is 
normal  to  the  much  larger  ambient  geo- 
magnetic field  in  the  sub-polar  region, 
and  an  accurate  vector  measurement  is 
required  lor  its  definition.  To  accom- 
plish this,  a triaxial  fluxgate  magnetom- 
eter is  used  in  conjunction  with  an  auto- 
matic ranging  current  source.  This  latter 
incrementally  biases  out  the  major 
portion  of  the  background  magnetic 
field  in  128  discrete  steps  for  each  axis, 
thus  allowing  measurements  of  high  res- 
olution without  limiting  dynamic  range. 
The  sensor  of  the  magnetometer  is 
mounted  on  a boom  which  extends  20 
feet  out  from  the  spacecraft.  In  this  way- 
spurious  magnetic  fields  from  the  satel- 
lite arc  reduced  to  a tolerable  level,  less 
than  10  gammas,  and  a fixed  relationship 
is  maintained  between  sensor  and  space- 
craft coordinates. 

Since  the  satellite  was  launched,  there 
have  been  four  major  magnetic  storms 
(i.  e.  Kp  > 7),  and  a number  of  other 
active  periods.  In  February  and  March 
1976,  when  the  spacecraft  location  was 
favorable,  coordinated  measurements 
were  made  with  the  Chatanika  Radar 
facility.  This  will  allow  for  a direct  com- 
parison of  in  situ  measurements  with 
such  ionospheric  parameters  as  electron 
density,  current  intensity,  and  electric 
field  which  arc  inferred  from  radar 


echoes  at  the  ground  station.  Correla- 
tion of  1)MS1‘  photos  of  the  position  and 
intensity  of  auroral  arcs  with  electron 
precipitation  and  current  systems  in  the 
auroral  oval  regions  is  presently  being 
studied.  Satellite  data  acquired  over  the 
northern  auroral  zone  during  storms  and 
intense  substorms  will  be  used  to  evalu- 
ate the  index  of  activity  values  devel- 
oped from  the  AFGL  Magnetometer 
Network  data.  In  addition,  data  have 
been  acquired  during  the  special  periods 
of  the  International  Magnetospheric 
Study  of  1976,  particularly  when  two  or 
more  deep  space  probes  are  in  interesting 
regions  simultaneously,  c.g.,  crossing  the 
magnetopause  boundary  or  passing 
through  the  neutral  sheet  of  the  magneto- 
spheric  tail. 

1‘reliminary  analyses  have  been  made 
for  several  magnetically  active  periods. 
Electron  spectra  and  magnetic  field  com- 
ponent variations  have  been  compared. 
Discontinuities  in  the  east-west  magnetic 
field  component  have  been  observed  as 
high  as  1150  gammas  during  extremely 
disturbed  periods  (Kp  = 7+),  indicating 
field  aligned  current  densities  on  the 
order  of  8 x 10'6  amperes  per  square  me- 
ter at  the  most  intense  intervals.  Inte- 
grated over  one  degree  of  latitude  and  an 
assumed  1000  km  in  east-west  linear  ex- 
tent, this  intensity  equals  a current  of 
nearly  a million  amperes.  This  upward 
flowing  current  occurred  at  the  poleward 
edge  of  the  Northern  Hemisphere  auro- 
ral oval  at  approximately  2000  magnetic 
local  time  (MET),  and  was  accompanied 
by  intense  fluxes  of  2 to  1 1 keV’  precip- 
itating electrons.  The  peak  of  the  elec- 
tron spectra  shifted  from  5-6  keV  to 
9-10  kcV  in  the  middle  of  this  upward 
current  region.  These  spectra  arc  typical 
of  those  associated  with  the  production 
of  aurora  during  substorms.  In  general, 
the  field  aligned  currents  move  equator- 
ward  with  increasing  magnetic  activity 
(higher  values  of  Kp),  consistent  with 
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the  motion  of  the  boundaries  of  the 
auroral  oval. 

AEROSPACE  MAGNETIC 
MONITORING 

The  ability  to  specify  magnetic  activity 
levels  in  real  time  and  to  predict  such 
activity  hours  in  advance  is  urgently 
needed  to  support  various  Air  Force 
agencies  including  AFSATCOM,  SAC, 
NORAD  and  AFGYVC.  Other  users 
would  include  SAMSO,  ARPA  anil  the 
various  groups  engaged  in  fuel  and  min- 
eral surveys.  A program  for  specification 
and  prediction  requires  a system  for  the 
collection  of  magnetic  activity  data,  its 
transmission  to  a central  station  and  the 
means  for  near  real-time  operation  on 
the  data.  This  is  being  done  by  the 
\ AFGL  magnetic  monitoring  network. 
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Geographical  locations  of  the  stations  in  the 
AFGL  Magnetometer  Network. 

AFGL’s  network  of  magnetometer  sta- 
tions which  extends  across  the  contin- 
ental United  States  monitors  the  earth's 
magnetic  field  continuously.  Each  instru- 
mented data  collection  station  (DCS) 
operates  continuously  and  automatically, 
unattended  except  for  routine  mainte- 
nance. Data  from  each  station  are  re- 
turned in  real  time  on  commercial  voice- 
grade  communication  circuits  to  a single 
data  acquisition  station  (DAS)  located 
at  Hanscom  AFB,  Massachusetts.  The 
DAS  processes,  reduces,  and  displays  the 


data  in  real  time,  and  stores  processed 
data  in  a permanent  file  for  subsequent 
analysis.  All  the  facilities  are  dedicated 
to  the  program,  so  essentially  uninter- 
rupted operation  over  an  extended  time 
period  is  possible. 

The  magnetometer  network  has  sev- 
eral important  features.  The  order  of  the 
stations  and  the  rapid  sampling  rate 
allow  measurement  of  the  strength,  di- 
rection and  rate  of  change  of  both 
strength  and  direction  of  the  earth’s 
magnetic  field.  Identical  instruments  in 
each  station  produce  directly  compar- 
able data.  The  ability  of  the  stations  to 
operate  without  interruption  for  several 
years  allows  continuous  monitoring  of 
the  magnetic  field.  The  automatic  real- 
time processing,  storage,  reduction,  and 
display  of  the  combined  data  will  allow 
operational  units  to  make  use  of  the  in- 
formation. Finally,  the  network  can  be 
expanded  or  operatcil  in  conjunction 
with  networks  established  by  other 
organizations. 

The  first  five  stations  instrumented 
for  the  program  are  spaced  across  the 
northern  United  States  at  about  55  de- 
grees N corrected  geomagnetic  latitude. 
Two  subsequent  stations  will  span  the 
southern  United  States  at  about  40  de- 
grees N corrected  geomagnetic  latitude. 
The  principal  instruments  at  each  DCS 
arc  triaxial  fluxgatc  and  searchcoil  mag 
netometers.  The  sites  are  provided  with 
electrical  power,  a voice-grade  com- 
munications line  for  data  transmission, 
and  telephone  service. 

The  data-conditioning  circuitry  at 
each  DCS  accepts  instrument  data  and 
converts  them  to  a signal  which  can  be 
transmitted  by  the  data  communications 
link  (DCL).  This  process  includes  sam- 
pling of  output  data,  converting  to  digi- 
tal form,  ordering  into  a standard  frame 
format,  coding  for  error-rate  improve- 
ment, and  outputting  as  a serial  bit 
stream.  A microprocessor  with  a stored 
program  controls  all  of  these  functions. 
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Data  from  each  DCS  are  collected  dur- 
ing a ten-second  sampling  interval  and 
sent  as  a data  frame  during  a subsequent 
one-second  transmission  interval  assigned 
to  that  DCS.  The  fluxgate  magnetometer 
is  sampled  once  per  second  and  the 
searchcoil  magnetometer  is  sampled 
every  0.2  second. 

The  DAS  has  two  principal  func- 
tions: network  control  and  data  proc- 
essing. Network  control  is  accomplished 
through  the  generation  of  a network- 
control  signal  which  is  transmitted  con- 
tinuously on  the  outlink  of  the  DCL. 
The  line  allows  simultaneous  transmis- 
sion in  both  directions,  an  outlink  and 
an  inlink.  The  inlink  is  used  for  data  re- 
turn, time-shared  by  all  of  the  DCS’s, 
each  of  which  transmits  a frame  of  digi- 
tized data  in  a programmed  sequence. 
The  outlink  is  used  to  carry  the  same 
network-control  signal  to  all  of  the 
DCS’s.  Each  DCS  responds  according  to 
instructions  contained  in  the  signal, 
which  synchronizes  the  taking  of  data 
samples  by  the  scientific  instruments  and 
the  transmission  of  these  data  at  the 
proper  time.  Data  processing  includes: 
1 ) reception  and  recording  of  data  for 
permanent  file,  2)  making  real-time  and 
daily  presentations,  and  3)  handling  data 
for  retrospective  studies. 

Signals  produced  by  the  AFGL  mag- 
netometer network,  three  components 
of  the  vector  magnetic  field  and  its  time 
rate  of  change  at  five  observing  stations, 
will  be  regularly  subjected  to  many 
forms  of  analysis. 

To  accomplish  this  analysis  many  of 
the  required  computer  programs  were 
written  during  the  reporting  period 
1974-1976.  The  programs  preparer! 
were:  routine  processing  of  network 
data;  Kp  and  Ap  absolute  and  condi- 
tional probabilities  program;  and  a pro- 
gram to  find  the  frequency  distribution 
of  45  years  of  Kp  and  Ap  data  and  find 
conditional  probabilities  of  Ap  (Kp) 


tomorrow  (or  up  to  seven  days  in  the 
future)  given  Ap  (Kp)  today. 

Superposed  epoch  software,  to  obtain 
probabilities  of  given  magnetic  activity 
following  a certain  “key”  day  such  as 
the  day  of  passage  of  an  interplanetary 
sector  boundary;  the  Complete  Maxi- 
mum Entropy  Program,  which  finds  the 
power  spectrum  given  a set  of  data 
equally  spaced  in  an  independent  vari- 
able (usually  time);  a non-linear  maxi- 
mum entropy  power  spectrum  package, 
and  the  dimensional  representation  of 
dynamic  power  spectra  showing  power 
spectra  as  a function  of  time  were  also 
prepared . 

ELECTRICAL  PROCESSES 
RESEARCH 

The  low  energy  environmental  plasma 
and  electric  fields  in  the  ionosphere- 
plasmasphere-magnetosphere  system  are 
important  to  Air  Force  satellite  systems 
in  three  ways.  First,  small  and  large-scale 
variations  of  ionospheric  electron  densi- 
ties degrade  electromagnetic  propagation 
at  all  frequencies.  Second,  the  inter- 
action of  the  plasma  with  a satellite 
modulates  the  vehicle  charge  which  can 
cause  malfunction  of  special  sensors.  Fi- 
nally, electric  fields,  especially  at  high 
latitudes,  produce  plasma  motions  which 
perturb  the  ambient  plasma  flow  and 
contribute  to  the  production  of  neutral 
winds. 

The  research  effort  includes  studies  of 
the  low  energy  plasma  in  the  0 to  200 
cV  range  and  of  ionospheric  electric 
fields.  Rockets  and  satellites  are  used  to 
carry  experiments  to  regions  of  interest. 

Main  Plasma  Trough:  The  main  iono- 
sphere electron  density  trough  is  the  re- 
gion where  thermal  plasma  density  de- 
pletions are  consistently  observed  at  mid 
latitudes  in  the  night-side  ionosphere.  It 
marks  the  boundary  between  latitude  re- 
gions of  the  ionosphere  caused  by  differ- 
ent primary  sources.  Little  known  lea- 
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tures  of  the  main  trough,  derived  from 
data  taken  during  more  than  three  years 
from  sensors  on  ISIS-I  and  INJUN  V, 
have  been  studied.  The  dayside  trough 
was  examined  and  the  width,  depth, 
equatorial  gradient  and  poleward  gradi- 
ent were  determined  as  a function  of 
local  time  and  season,  for  planetary 
indexes  of  3 or  less. 
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Examples  of  daytime  and  nighttime  troughs. 
The  deepening  of  the  trough  at  night,  and  the 
change  in  latitude  with  magnetic  activity,  are 
evident. 

The  trough  is  not  just  a nighttime  phe- 
nomenon, but  exists  at  all  local  times.  It 
is  consistently  found  at  the  equatorial 
edge  of  the  particle  precipitation  zone, 
but  cannot  be  viewed  simply  as  the 
demarcation  between  two  regions  form- 
ed from  different  primary  ionization 
sources.  The  width,  amplitude,  and  gra- 
dient at  both  the  equatorward  and  pole- 
ward  walls  vary  significantly  with  local 
time  and  season.  Maximum  values  arc 
observed  on  winter  nights.  Solar  radia- 
tion is  a major  contributor  to  the  trough 
structure  at  all  local  times  and  seasons, 
except  winter  nights. 


Low  Latitude  Ionospheric  Irregulari- 
ties: Data  from  the  spherical  electrosta- 
tic analyzer  on  the  polar  orbiting  ISIS-I 
satellite  have  been  used  to  investigate 
thermal  charged  particle  irregularities  at 
low  latitudes.  ISIS-I  was  launched  into  a 
polar  orbit  with  an  apogee  of  3526  km.  a 
perigee  of  525  km  and  an  inclination  of 
88.5  degrees  on  January  30,  1969.  Data 
from  more  than  3000  orbits  in  the  top- 
side ionosphere  during  the  first  year  of 
operation  have  been  examined  over  the 
latitude  range  -45  degrees  to  +45  de- 
grees. 

The  data  from  ISIS-I  show  that  70 
percent  of  equatorial  irregularities  occur 
at  altitudes  below  1200  km.  Less  than 
20  percent  actually  cross  the  dip  equa- 
tor. In  both  Northern  and  Southern 
Hemispheres,  irregularities  occur  most 
often  at  10-12  degrees  dip  latitude,  and 
between  0 and  20  degrees  in  width.  A 
power  spectral  analysis  has  shown  that 
the  power  decreases  approximately  with 
the  square  of  the  frequency.  No  systema- 
tic variation  in  this  relationship  is  found 
inside  or  outside  the  irregularity  region. 
The  outer  scale  size  increases  consistent- 
ly inside  the  irregularity  region,  typically 
between  30  and  60  percent.  The  inte- 
grated spectral  power  over  the  scale  size 
range  1 to  1 0 km  is  highly  variable  in  the 
irregularity  region,  and  is  usually  greater 
than  in  the  surrounding  regions.  These 
results  in  the  topside  ionosphere  arc 
qualitatively  in  good  agreement  with  ob- 
servations from  ground-based  measure- 
ments of  equatorial  scintillations  near 
the  peak  of  the  F region  and  with  ob- 
servations of  equatorial  irregularities 
using  data  from  the  OGO-6  satellite.  The 
latitude,  longitude,  and  local  time  depen- 
dencies are  similar  in  all  observations. 
From  ISIS-I  data  it  is  now  seen  that  these 
irregularities  can  extend  beyond  2000  km 
in  altitude.  Irregularities  occur  most  often 
along  the  magnetic  field  lines  which 
cross  the  magnetic  equator  at  a height  of 
1.2  earth  radii.  No  irregularities  occur  on 
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magnetic  lines  with  heights  greater  than 
1.6  earth  radii  at  the  magnetic  equator. 
There  is  no  indication  of  equatorial  sym- 
metry for  these  irregularities.  Where 
simultaneous  data  exist  for  both  hemis- 
pheres, there  is  no  conjugate  mapping 
along  field  lines. 


Percentage  of  irregularities  plotted  against 
magnetic  latitude,  showing  the  differences 
between  the  Northern  and  Southern  Hemi- 
sphere averages. 

The  thin  screen  approximation  can  no 
longer  he  considered  adequate  to  inter- 
pret equatorial  scintillations  from  these 
irregularities.  The  observations  of  this 
study  indicate  that  their  extent  is  so 
large  that  multiple  scattering  theory  must 
be  used. 

Inverted  V Precipitation  Events:  The 

ion  and  electron  densities  observed  by 
the  AFGL-dcsigned  spherical  Langmuir 
probes  aboard  the  polar  orbiting  Injun 
5 satellite  have  been  used  to  investigate 
the  nighttime  ionosphere  at  altitudes  be- 
tween 2000  and  2500  km  in  the  polar 
cap,  auroral  zone  and  plasma  trough. 
While  the  satellite  is  in  darkness  it  is  pos- 
sible to  measure  the  temperature  and  den- 


sity of  the  tenuous  polar  cap  plasma.  Be- 
tween 100  and  300  electrons  per  cubic 
centimeter  at  electron  temperatures  be- 
tween 1700  and  2500  K were  observed 
at  these  altitudes  with  the  higher  values 
appearing  during  magnetically  disturbed 
periods.  A flux  of  hyperthermal  electrons 
observed  in  this  region  has  been  identi- 
fied with  the  plasma  observed  by  the 
Ap<>!]t>  subsatellites  in  the  high  latitude 
lobes  of  the  geomagnetic  tail  at  lunar 
distance.  Auroral  zone  Langmuir  probe 
observations  have  been  compared  with 
simultaneous  measurements  by  the  Uni- 
versity of  Iowa  LEPEDEA  (Low  Energy 
Proton/Electron  Differential  Energy 
Analyzer).  New  observations  during  this 
investigation  include  the  observation  of 
proton  fluxes  in  inverted  V structures, 
observation  of  ambient  plasma  density 
enhancements  near  inverted  V'  structures, 
and  vehicle  potential  modulation  of  as 
much  as  40  volts  negative  as  the  satel- 
lite passed  through  inverted  V precipi- 
tation. Inverted  V’s  arc  narrow  regions 
within  the  auroral  zone  where  abrupt 
increases  in  precipitating  electron  energies 
and  intensities  are  observed.  The  first 
observation  suggests  that  inverted  V’s  re- 
sult from  field  aligned  plasma  flow  rather 
than  simple  electrostatic  acceleration.  At 
this  time  it  is  not  possible  to  determine 
whether  density  enhancements  associated 
with  inverted  V’s  result  from  field  aligned 
return  currents  or  from  changes  of  local 
scale  heights  due  to  ionospheric  heating 
by  precipitating  electrons.  The  observa- 
tions of  vehicle  potential  modulation  pro- 
vide a unique  set  of  measurements  for 
the  verification  of  spacecraft  charging 
models.  A further  result  of  this  study  was 
the  development  of  a magnetospheric 
model  following  the  suggestion  that  the 
distant  plasma  sheet  is  bound  by  a slow 
mode  wave  emanating  from  the  merging 
region,  rather  than  by  magnetic  field  lines. 
It  was  shown  that  many  properties  of 
inverted  V'  structures  result  quite  natur- 
ally if  the  earthward  flow  of  plasma  is 
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obstructed  by  magnetic  bottles  in  the 
neutral  sheet.  Equatorward  of  the  auroral 
zone,  the  low  density  plasma  of  the 
trough  was  found  to  be  several  times  hot- 
ter than  in  the  immediate  vicinity.  It  was 
shown  that  photoelectrons  from  the  sun- 
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Above,  a polar  plot  of  the  electric  field,  mea- 
sured by  the  satellite  on  successive  polar  passes 
over  the  North  (on  the  right)  and  the  South 
(on  the  left)  Poles.  The  satellite  position  is 
shown  as  a dot.  A line  is  drawn  from  each  dot 
in  the  direction  of  the  electric  field,  with  its 
length  proportional  to  the  field  strength.  The 
circles  show  constant  invariant  latitude.  The 
satellite  track  is  not  a straight  line  because 
the  magnetic  pole  is  displaced  from  the  geo- 
graphic pole.  Magnetic  local  time  advances 
counterclockwise  from  midday,  at  the  top. 
The  map  below  was  generated  from  this 
plot,  by  computing  the  convective  drift 
velocity  from  the  electric  field  and  a know- 
ledge of  the  earth’s  magnetic  field. 
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lit  conjugate  ionosphere  provide  a heating 
mechanism  adequate  to  explain  the  tem- 
perature enhancements  in  the  trough. 

Electron  Transport-Topside  Iono- 
sphere: An  analytical  model  has  been 
constructed  to  account  for  the  electron 
transport  in  the  topside  ionosphere.  The 
three  regions  of  the  upper  atmosphere 
that  are  being  investigated  are  the  polar 
cap,  the  auroral  zone,  and  the  temperate 
latitudes. 

In  the  temperate  latitudes,  the  photo- 
electrons produced  by  soft  X-rays(~  14A) 
down  to  EUV  (1100A)  account  for  one- 
third  of  the  solar  radiation  absorbed  in 
the  atmosphere.  The  AFGL  model  is  cap- 
able of  accounting  for  all  the  significant 
subsequent  interactions  of  those  photo- 
electrons with  the  ambient  plasma  and 
neutral  species.  The  energy  degradation 
processes  involving  excitation  or  ioniza- 
tion of  neutral  species  contribute  the 
energy  transferred  to  the  ionosphere.  As 
a result  the  ionospheric  parameters,  such 
as  plasma  scale  height,  ion  composition, 
electron  temperature  and  concentration 
can  be  calculated  with  great  accuracy. 
The  model  is  also  capable  of  calculating 
the  transport  o f ph  otoelectrons  from  the 
sunlit  side  to  the  magnetically  conjugate 
dark  side  ionosphere. 

Ionospheric  Plasma  Monitor:  The 

development  of  a topside  ionospheric 
plasma  monitor  for  the  Defense  Meteoro- 
logical Satellite  Program  (I)MSP)  Office 
at  the  Space  and  Missile  Systems  Organi- 
zation and  the  Air  Weather  Service  is 
underway.  The  instrument  will  be  flown 
on  three  Block  5D  DMSP  satellites  to 
make  in-situ  measurements  of  topside 
plasma  scale  height,  small-scale  ioniza- 
tion irregularities  and  F-region  critical 
frequencies. 

Considerable  progress  has  been  made 
on  flight  instrument  development  testing 
and  calibration.  The  first  flight  unit  is 
complete  with  1000  hours  of  thermal 
life  testing.  It  will  be  flown  on  a satellite 
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ionospheric  parameters  of  importance  to 
communications,  surveillance,  and  detec- 


The sensor  and  electronics  package  for  the 
DMSP  Topside  Ionospheric  Plasma  Monitor. 

to  be  launched  in  the  fourth  quarter  of 
calendar  year  1976.  Computer  programs 
are  being  developed  at  AFGL  to  process 
flight  data  on  the  Global  Weather  Central 
UNIVAC  1110  computer.  This  has  neces- 
sitated the  development  of  UNIVAC 
simulation  programs  on  the  AFGL  CIX. 
6600  computer.  Software  routines  are 
also  being  prepared  for  the  calculation  of 
electron  and  ion  density  and  temperature, 
average  ion  mass  and  satellite  potential 
from  the  sensor  output.  Mapping  the 
plasma  density,  temperature  and  average 
ion  mass  on  a global  scale  at  constant 
height  in  the  topside  ionosphere  will  pro- 
vide important  data  for  the  study  of  the 
dynamics  of  the  upper  atmosphere. 

The  plasma  scale  height  results  will  be 
utilized  directly  as  inputs  to  AWS  iono- 
spheric prediction  programs.  The  irregu- 
larity measurements  can  identify  the  mid- 
latitude electron  trough  which  will  be 
used  to  determine  whether  low-,  mid-  or 
high-latitude  prediction  programs  should 
be  used  to  provide  propagation  condi- 
tions to  operating  commands.  The  satel- 
lite data  from  these  instruments  will  ex- 
tend the  capability  of  the  Air  Force  to 
provide  global  information  on  several 


tion  systems. 

SCATHA  - Thermal  Plasma  Analyzer: 

The  Spacecraft  Charging  Satellite  Ther- 
mal Plasma  Analyzer  now  under  develop- 
ment will  measure  the  direction  and  mag- 
nitude of  the  plasma  bulk  motion,  the 
density  and  temperature  of  the  plasma 
"bath,”  in  which  the  satellite  is  immersed 
and  investigate  spacecraft-plasma  interac- 
tion mechanisms  by  measuring  fluctua- 
tions in  vehicle  potential  and  charging 
and  discharge  currents  to  the  satellite 
due  to  environmental  factors  such  as 
solar  illumination,  satellite  motion,  plas- 
ma temperature,  density  and  motion 
variations  during  quiet  and  disturbed  con- 
ditions. It  will  also  study  these  properties 
under  controlled  conditions  when  the 
spacecraft  potential  is  varied  by  means 
of  an  electron  emitter.  These  constitute 
some  of  the  prime  measurements  required 
to  understand  and  solve  the  problem  of 
spacecraft  charging  at  high  altitudes. 

The  Thermal  Plasma  Analyzer  consists 
of  three  gridded  sensors.  Two  sensors  are 
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The  SCATHA  satellite  will  be  a fully  instru- 
mented research  satellite  to  investigate  the 
scientific  and  engineering  aspects  of  space- 
craft charging  and  relate  cause  and  effect  in 
spacecraft  charging. 
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mounted  on  a space-vehicle-provided 
boom  3 meters  from  the  nearest  space 
vehicle  body-mounted  components.  The 
other  sensor  is  body  mounted  on  a con- 
ducting surface  (the  conducting  end  of 
the  space  vehicle).  One  boom  and  the 
surface  mounted  sensors  are  parallel  to 
each  other  and  parallel  to  the  space  vehi- 
cle spin  axis.  A second  boom  sensor  is 
perpendicular  to  the  spin  axis.  The  ex- 
periment will  measure,  by  retarding  po- 
tential analysis,  the  environmental  elec- 
tron and  ion  densities  in  the  range  one 
particle  per  10  cubic  centimeters  to 
10,000  particles  per  cubic  centimeter, 
and  particle  energies  in  the  range  0.1  to 
1 00  eV. 


A gridded  probe  similar  to  those  that  will 
analyze  the  low  energy  plasma  at  synchronous 
orbit  as  part  of  the  Thermal  Plasma  Analyzer. 


the  probe  and  aid  in  subsequent  interpre- 
tation of  the  cm  rent  characteristics.  A 
theoretical  calculation  of  the  current  flow 
to  the  grid  in  the  presence  of  the  shading 
walls  has  been  completed  and  the  appro- 
priate shielding  factors,  involving  the 
length  of  the  walls,  their  tilt  with  respect 
to  the  normal  to  the  collector  surface 
and  the  collector  radius  have  been  found 
and  analyzed. 

Electric  Field  Rocket  Studies:  Dipole 
electric  field  and  plasma  measurements 
were  made  aboard  two  rocket  flights 
from  Fort  Churchill,  Canada,  as  part  of 
Project  AEOLUS.  This  mission,  consist- 
ing of  rocket  and  ground-based  measure- 
ments, was  to  investigate  effects  produced 


A conical  wall  is  mounted  in  front  of 
the  aperture  of  the  SC  ATM  A thermal 
plasma  sensor.  The  conical  wall  shades 
the  collecting  area  from  the  sunlight  to 
minimize  the  photoclectron  emission 
from  the  instrument.  Because  of  the  walls 
shading  the  probe  an  analysis  of  current 
characteristics  was  necessary  to  calibrate 


Factors  influencing  spacecraft  charging:  Ap- 
proximately in  the  order  of  decreasing  impor 
tance  at  synchronous  orbit  are  high  energy 
electrons  and  ions,  ambient  electrons  and  ions, 
photoelectrons  produced  by  sunlight,  set  - 
ondary  electrons  from  electron  and  ion  im 
pact,  and  wake  effects  due  to  the  spacecraft 
motion  through  the  medium. 
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SCATHA  thermal  plasma  analyzer 
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A sketch  of  the  surface  and  boom  mounted 
instruments  for  the  SCATHA  Thermal  Plasma 
Analyzer. 


in  the  ionospheric  E-region  by  auroral 
disturbances.  In  addition  to  the  ambient 
electric  fields,  neutral  and  ion  composi- 
tion, neutral  winds,  neutral  density  and 
temperature,  and  ground-based  magnetic 
fields  were  measured. 

The  magnetic  field  measurements  were 
used  to  give  the  approximate  position 
and  current  density  of  the  auroral  electro- 
jet. The  rocket  measurements  were  then 
assessed,  and  compared  to  flights  per- 
formed (as  part  of  the  series)  in  the 
absence  of  the  electrojet,  to  determine 
electrojet  effects  on  ion  layering,  plasma 
and  neutral  motion  and  associated  elec- 
tric fields. 

The  large  southerly  component  meas- 
ured at  115  km  on  the  ascent  (30  to  40 
mV/m)  indicates  an  easterly  convective 
drift  velocity  which,  at  E-region  altitudes, 
corresponds  to  an  East-to-West  current 
flow  in  the  vicinity  of  the  vehicle.  The 
gradual  rise  and  fall  of  the  easterly  com- 
ponent, peaking  at  35  mV/m  at  apogee 
together  with  the  dip  to  -27  mV/m  in 
the  northerly  component  indicate  a con- 
stant large-scale  field  above  180  km  of 
some  50  mV/m  directed  southeasterly. 
This  agrees  in  magnitude  and  direction 
with  a barium  release  performed  from 
another  rocket.  These  results  provide 
new  understanding  of  E-  and  F-rcgion 
current  flow  at  high  latitudes. 


Electric  Field  Satellite  Studies:  A di 

pole  electric  field  instrument  was  flown 
aboard  an  Air  Force  polar  orbiting  satel- 
lite launched  in  1975.  This  instrument 
made  the  first  three  axis  measurement  of 
electric  fields  on  a satellite  and  also  was 
the  first  attempt  to  deploy  60-foot  long 
flexible  booms  to  support  two  of  the 
measurement  dipoles,  the  third  axis  being 
on  18-foot  long  rigid  booms  deployed 
parallel  to  the  vehicle  spin  axis.  Two 
hundred  orbits  of  data  have  been  ac- 
quired. Emphasis  has  been  placed  on  anal- 
yzing data  at  high  latitudes  and  correlat- 
ing them  with  other  experiments  on  the 
spacecraft  measuring  bulk  plasma  flow, 
plasma  density  and  temperature,  ener- 
getic particles,  magnetic  field  and  ion 
composition. 

Incoherent  backscatter  radar  measure- 
ments from  Chatanika,  Arecibo,  Jica- 
marca,  and  Millstone  Hill  have  been 
scheduled  in  conjunction  with  satellite 
passes.  Battelle  Institute  also  performed 
Stable  Auroral  Red  (SAR)  arc  observa- 
tions in  coordination.  The  measurements 
were  used  to  build  up  maps  of  electric 
field  as  a function  of  time  and  invariant 
latitude.  From  the  first  maps  and  a know- 
ledge of  the  earth’s  magnetic  field,  a 
second  set  of  maps,  showing  the  convec- 
tive drift  velocity,  has  been  built  up.  The 
maps  show  a general  anti-sunward  drift 
poleward  of  the  auroral  zone  in  the  even- 
ing sector  and  a somcw'hat  indeterminate 
drift  on  the  morning  side  of  the  polar 
cap.  There  is  a definite  reversal  of  the 
flow  at  the  equatorward  edge  of  the 
auroral  zone  (70  degrees  latitude)  in  the 
midnight  region,  but  no  clear  change  on 
the  day  side. 

Such  maps,  when  built  up  for  other 
local  times  and  classified  with  varying 
magnetic  activity  and  altitude  range,  will 
give  important  new  insights  into  plasma 
circulation  in  the  auroral  regions  and  po- 
lar cap  in  the  magnetosphere,  and  circu- 
lating currents  in  the  ionosphere. 
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Plasma  Bulk  Motion:  Instruments  have 
been  designed  and  constructed  for  the 
direct  measurement  of  the  bulk  or  drift 
motion  of  thermal  energy  plasma  at  iono- 
spheric and  exospheric  altitudes  by  polar 
orbiting  Air  Force  satellites.  They  are 
based  on  improved  versions  of  the  ion 
attitude  sensors  flown  on  the  Gemini  X 
and  XII  manned  spacecraft.  The  new  in- 
strumentation consisting  of  an  array  of 
planar  ion  sensors  utilizes  the  spin  of  the 
spacecraft  to  determine  the  direction  of 
plasma  flow  relative  to  the  spacecraft.  At 
high  latitudes,  and  about  45  degrees  geo- 
graphic, the  bulk  motion  gives  a direct 
measure  of  the  energy  transfer  into  and 
out  of  the  ionosphere  as  well  as  of  the 
injection  or  removal  of  ionization  in  the 
auroral  and  polar  regions.  These  two 
phenomena  cause  irregularities,  small- 
scale  variation  and  gradients  observed  at 
high  latitudes.  The  effect  is  to  severely 
degrade  the  propagation  of  radio  and  ra- 
dar signals  over  the  horizon.  The  irregu- 
larities and  gradients  reflect  or  deviate 
HF  electromagnetic  ray  paths.  These 
measurements  will  also  contribute  to  the 
understanding  of  the  formation  and  main- 
tenance of  the  auroral  and  polar  iono- 
sphere. 

The  first  of  the  plasma  flow  instru 
ments  was  launched  December  1975  into 
a polar  orbit  and  is  working  successfully 
indicating  horizontal  and  vertical  plasma 
flows  up  to  several  km/second.  The  ion 
sensor  array  incorporates  a new  ion  sen- 
sor design  with  a greatly  reduced  sensiti- 
vity to  sunlight  enabling  measurements 
to  be  made  down  to  plasma  densities  of 
approximately  100  particles  per  cubic 
centimeter. 


IONOSPHERIC  DYNAMICS 

Two  regions  of  the  global  ionosphere 
routinely  exhibit  a disturbed  character: 
the  high  latitude  ionosphere,  poleward 
of  approximately  55  degrees  corrected 


The  Bulk  Plasma  Flow  sensor. 

geomagnetic  latitude  and  the  equatorial 
ionosphere,  equatorward  of  approxi- 
mately 20  degrees  geomagnetic  latitude. 

These  regions  arc  characterized  by  the 
routine  occurrence  of  ionospheric  irregu- 
larities, strong  horizontal  electron  density 
gradients,  and  rapid  changes  in  the  hori- 
zontal and  vertical  electron  density  distri- 
butions. These  phenomena  arise  from  a 
variety  of  sources,  such  as  ionospheric 
currents,  ionospheric  and  magnetospheric 
electric  fields,  neutral  air  motion  and 
energetic  particle  precipitation  high  lat- 
itudes. 

The  disturbed  ionospheric  regions  af- 
fect radio  wave  propagation  over  a large- 
part  of  the  radio  frequency  (rf)  spectrum, 
from  Very  Low  Frequencies  (3  to  30 
kHz)  to  Super  High  Frequencies  (3  to  30 
GHz).  Many  Department  of  Defense  com- 
munications and  surveillance  systems  op- 
erate in  or  through  these  disturbed 
regions. 

The  Space  Physics  Division  uses  a 
unique  tool  in  the  investigation  of  the 
disturbed  ionosphere  and  its  impact  on 
Air  Force  systems:  an  NKC-135  jet  air- 
craft, the  Airborne  Ionospheric  Labora- 
tory, instrumented  for  auroral  and  iono- 
spheric research.  The  instrumentation 
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consists  of  sophisticated  ionospheric 
sounders,  receivers,  covering  a large  part 
of  the  radio  wave  spectrum,  photometers, 
spectrometers,  all-sky  cameras  and  a new 
all-sky  photometer.  This  combination  of 
experiments  is  the  basis  for  many  studies 
that  describe  in  detail  the  environment 
and  the  environmental  effects  on  Air 
Force  systems. 

The  optical  response  of  the  atmosphere 
to  the  particle  precipitation  at  high 
latitudes  is  the  aurora.  The  understanding 
of  the  coupling  of  ionospheric,  magneto- 
spheric  and  auroral  phenomena  has  pro- 
gressed considerably  over  the  last  decades 
and  auroral  measurements  by  the  Air- 
borne Ionospheric  Observatory  have  been 
instrumental  in  achieving  this  increased 
understanding  of  the  high-latitude  iono- 
sphere and  its  impact  on  Air  Force  sys- 
tems. These  optical  auroral  studies  are 
also  of  significance  to  the  problems  en- 
countered by  satellite-borne  optical  sen- 
sors. 

To  enhance  the  results  from  the  limited 
number  of  airborne  studies,  continuous 
observations  of  the  high-latitude  iono- 
sphere are  conducted  at  the  Goose  Bay 
Ionospheric  Observatory.  These  observa- 
tions arc  used  to  develop  remote  sensing 
techniques  to  provide  a routine  input  into 
the  Air  Weather  Service  Space  Environ- 
ment  Support  System  and  to  permit  the 
classification  of  specific  airborne  mea- 
surements with  respect  to  the  general 
behavior  of  the  ionosphere. 

Continuous  Aurora  and  Auroral  E 
Layer:  The  analysis  of  simultaneous  op- 
tical, photometric  and  ionospheric  mea- 
surements in  the  noon  sector  of  the  auro- 
ral oval  in  darkness,  made  by  AFGL’s 
Flying  Ionospheric  Observatory,  resulted 
in  the  discovery  that  well  defined  auroral- 
ionospheric  regions  occur  in  oval-aligned 
belts  in  a definite  latitudinal  order.  Dis- 
crete auroras,  defining  the  auroral  oval, 
are  associated  with  a layer  of  ionospheric 
sporadic  E (Es)  and  are  co-located  with 
an  Flayer  irregularity  zone  (FLIZ); 


equatorward  follows  a band  of  uniform, 
structureless  glow  the  continuous  aurora 
—associated  with  the  auroral  E layer  (Ea); 
and  more  equatorward,  the  particle-pro- 
duced ionospheric  D layer. 

In  the  night  sector  these  three  auroral 
ionospheric  regions  also  exist  but  fre- 
quently overlap. 


The  time  history  of  the  latitudinal  extent  and 
location  of  the  continuous  aurora  in  the  mid- 
night sector  measured  by  ionization,  by 
optical  emissionsand  by  particle  precipitation. 
The  clear  (unshaded)  band  includes  the  totality 
of  the  measurements:  Thin  dotted  line  indi- 
cates the  aircraft’s  flight  track,  heavy  solid 
lines  along  the  flight  track  indicate  when  the 
airborne  ionospheric  sounder  observed  over- 
head auroral  E.  Horizontal  bars  show  the  pres- 
ence of  auroral  E at  ground  stations  within  a 
four-hour  local  time  period,  centered  at  cor- 
rected geomagnetic  local  midnight.  The 
latitudinal  extent  of  1.  4-6.  4 ke  V electrons 
(ISIS  2)  and  the  continuous  aurora  (DMSP) 
an-  shown  in  two  different  line  patterns  as 
vertical  bars  at  the  time  of  the  satellites’ 
respective  orbits.  Continuous  aurora,  observed 
from  aircraft,  is  indicated  by  hatched  areas. 


To  understand  the  interrelation  be- 
tween auroras  and  the  ionosphere  in  the 
night  sector  better,  the  AFGl.  Airborne 
Ionospheric  Observatory  conducted  a 
number  of  flights  at  constant  magnetic 
midnight,  collecting  rapid  sequence  iono- 
spheric, photometric  and  optical  data. 
For  one  particular  case  study  a flight  was 
coordinated  with  the  ISIS-2  and  DMSP 
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polar  orbiting  satellites  so  that  the  air-  bling  of  the  “Defense  Meterorological 

craft’s  flight  track  was  intercepted  several  Satellite  Program  Auroral-Ionospheric 

times  by  ISIS-2  and  DMSP  orbits,  result-  Interpretation  Guide.”  This  guide  may 

ing  in  simultaneous  aircraft  and  satellite  be  used  to  interpret  auroral  features, 

measurements  at  each  satellite  pass.  ISIS-  visible  in  the  DMSP  images,  in  terms  of 

2 is  instrumented  with  particle  detectors  associated  ionospheric  features  and  can 

to  measure  precipitating  electrons  and  be  applied  to  interpret  the  various  stages 

protons  responsible  for  auroral  emissions  of  auroral  displays,  from  extremely  quiet 

and  for  ionization  at  D-,  E-  and  F-region  magnetic  condition  to  the  different 

heights.  Quasi-instantancous  images  of  a phases  of  auroral  substorms, 

large  sector  of  the  auroral  oval  were  pro-  Auroral  Case  Studies:  The  comprehen- 

vided  by  the  DMSP  satellites.  Observa-  sive  investigation  of  ionospheric  and  mag- 
i'0115 trom  ionospheric  ground  stations  netosphcric  phenomena  in  the  midnight 

in  the  vicinity  ol  the  (light  path  were  also  local  time  sector  has  resulted  in  a detailed 

available  for  most  of  the  period.  description  of  several  important  iono- 

In  this  case  study,  a detailed  descrip-  spheric  features  in  addition  to  the  con- 

tion  of  temporal  variations  of  aurora  and  tinuous  (E-layer)  aurora.  These  features 

the  associated  ionospheric  parameters  was  include  discrete  auroras  in  the  oval  and 

made  possible  for  the  lirst  time  as  a result  polar  cap.  auroral  absorption,  the  F -layer 

of  the  continuous,  12-hour  monitoring  irregularity  zone  (FLIZ),  the  polar  elec- 

of  the  oval  midnight  sector  by  different  trojet,  and  particle  precipitation  zones, 

systems.  The  conclusions  drawn  .trc  the  results  of 

The  rapid  sequence  measurements  by  analysis  of  simultaneous  ground-based, 

the  aircraft  permitted  detailed  monitor-  airborne  and  satellite  measurements  of 

ing  of  the  drastic  changes  in  auroral  interdependent  geophysical  parameters, 

brightness  and  structure,  the  substorm  which  overcome  many  of  the  limits  on 

related  changes  in  width  of  the  auroral  time  and  space  resolution  of  analyses 

belt  and  the  contraction  and  expansion  made  from  a single  type  of  measurement, 

of  the  oval  diameter,  which  occurred  The  study  revealed  the  existence  of 

within  the  101-minute  intervals  between  distinct  auroral  states  or  sustained  periods 

two  consecutive  DMSP  orbits.  The  of  a single  pattern  of  auroral /ionospheric 

analysis  revealed  that  the  belt  of  contin-  behavior.  The  lifetimes  of  these  states 

uous  aurora  participates  in  the  rapid  range  from  two  to  three  hours  with  transi- 

movements  characteristic  of  the  sub-  tions  between  states  occurring  within  a 

storm-related  changes  observed  in  the  dis-  few  minutes.  The  auroral  substorm  with 

Crete  aurora.  It  had  been  previously  associated  magnetic  disturbances  and  re- 

assutned  that  substorms  have  little  effect  gions  of  intense  auroral  particle  precipi- 

on  the  continuous  aurora.  tation  constitutes  one  of  these  auroral 

The  observations,  by  different  systems,  states.  Of  equal  importance  arc  sustained 

of  the  continuous  aurora,  auroral  E layer  periods  of  continuous  aurora  (and  auroral 

and  1.4-6. 4 keV  electrons  made  m the  E layer),  periods  of  mixed  discrete  and 

midnight  sector  of  the  oval  during  a 12-  continuous  aurora  and  periods  during 

houi  period  on  December  9,  1971,  show  which  discrete  auroras  undergo  repeated 

large  variations  in  the  width  and  location  activations.  These  auroral  states,  which 

of  the  continuous  aurora  and  E layer.  presumably  reflect  magnetospheric  states. 

The  understanding  of  the  close  associ-  could  be  recognized  because  AFGL’s 

ation  of  auroral  forms  and  ionospheric  Airborne  Ionospheric  Laboratory  could 

structures  (derived  from  the  coordinated  fly  in  the  midnight  sector  of  the  oval  for 

measurements)  contributed  to  the  assem-  periods  up  to  ten  hours,  which  was  long 


compared  with  the  lifetimes  of  these 
states,  carrying  instruments  with  suf- 
ficient time  resolution  to  detect  transi- 
tions between  states.  A t\|>e  of  auroral 
substorm  associated  with  oscillations  of 
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Montaic  «»|  ,i||-sk\  tatmrj  photographs  r« 
corded  .ii  onc-minutr  intervals  near  mid- 
night during  .1  Much  flight  « >t  th«  \K<»1  \ir 
borne  Ionospheric  laboratory.  Kach  hori- 
zontal strip  represents  one  half  hour  of  data 
with  I I time  indicated  on  the  lelt.  I he  lower 
five  strips  displas  the  complete  photographic 
record  of  an  auroral  substorm  while  the  upper 
lour  strips  are  t harat  teristu  of  auroral  activa- 
tions ot  shorter  duration. 


and  their  effect  on  truns-ionospheric 
radio  propagation  and  Over-the-Horizon 
(OTH)  Backscatter  radar  performance 
will  he  investigated. 

Auroral  Activations:  The  probability 
of  occurrence  and  lifetimes  of  active, 
extensive  auroras  were  investigated. 

Defense  Meteorological  Satellite  Pro- 
gram (l)MSl’)  auroral  images  and  AFGI. 
Airborne  Ionospheric  Laboratory  all-sky 
camera  photographs,  taken  at  one-min- 
ute intervals  on  12  flights  at  constant 
local  midnight,  comprised  the  data  base. 
I he  analysis  of  these  two  sets  of  data 
indicates  the  occurrence  frequency  of 
active  aurora  to  be  about  25  percent  of 
the  lime  overall,  increasing  to  about  50 
percent  under  magnetic  storm  conditions. 

Ihe  all-sky  camera  photographs  are 
arranged  into  a montage  which  presents 
about  ten  hours  of  auroral  observations 
and  dramatically  illustrates  the  extreme 
variability  of  the  aurora  in  structure, 
duration,  brightness,  extent  and  location. 
Ihcsc  data  have  made  it  possible  to 
describe  the  durations  of  auroral  activa- 
tions which  tail  into  well  defined  life- 
times of  about  15,  55  and  120  minutes. 
1 he  latter,  classically  associated  with  the 
term  auroral  substorm,  occurs  about  6 
percent  of  the  lime. 


the  earth’s  bow  shock  measured  by  a 
Vela  satellite  and  characterized  by  bright, 
active  auroras  in  the  midnight  sector,  but 
by  a spatially  limited  auroral  electrojet 
was  also  observed.  1 he  existence  ol  a lim- 
ited number  of  identifiable  states  is 
significant  to  studies  which  attempt  to 
predict  future  auroral/ionospheric  condi- 
tions. 

Optical  Mapping  of  the  Ionosphere:  A 

new  program  lias  been  undertaken  for 
remote,  optical  sensing  of  ionospheric 
input  parameters.  Important  ionospheric 
phenomena  such  as  the  continuous  auro- 
ra (anil  auroral  K layer),  the  main  1-re- 
gion  trough,  the  K layer  irregularity  zone 


GOOSE  BAY  IONOSPHERIC 
OBSERVATORY 

1 he  disturbances  and  strong  electron 
densitv  gradients  associated  with  the 
auroral  ionosphere  affect  high-frequency 
communications  and  over-the-horizon 
backscatter  systems.  The  location  of  the 
equatorward  boundary  of  the  auroral 
ionosphere,  the  poleward  K layer  trough 
wall  and  the  auroral  activity  to  the  north 
of  it,  arc  important  parameters  for  the 
specification  of  the  propagation  environ- 
ment. All  ol  these  can  change  rapidly. 
Information  on  these  environmental  con- 
ditions allows  warning  of  possible  com- 
munications and  surveillance  system  out- 
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ages.  Counteractions  or  data  corrections, 
based  on  proper  knowledge  of  the  envi- 
ronment, can  be  initiated  by  system 
operators. 

Backscatter  and  vertical  soundings 
from  a suitable  location  allow  determina- 
tion of  the  location  of  this  boundary  and 
the  degree  of  auroral  activity  poleward 
of  it.  AFGL’s  Goose  Bay  Ionospheric 
Observatory,  located  at  65  degrees  cor- 
rected geomagnetic  latitude  is  in  a favor- 
able position  to  monitor  the  poleward 
trough  wall  and  auroral  activity.  Back- 
scatter soundings,  made  from  this  loca- 
tion for  several  years,  show  the  approach 
of  a front  of  ionospheric  irregularities 
from  the  north  in  the  afternoon  and 
evening  hours.  This  region  of  irregularities 
is  associated  with  the  auroral  oval  and 
other  important  regimes  of  the  high-lati- 
tude ionosphere  and  can  be  used  to  deter- 
mine the  diameter  of  the  oval  and  the 
degree  of  auroral  disturbance. 

On  the  quiet  day,  backscatter  echoes 
were  observed  around  1800  local  time  at 
a range  of  about  1200  km  and  arrived 
over  the  station  around  midnight.  On  the 
disturbed  day,  backscatter  echoes  were 
observed  at  1330  local  time  at  a range  of 
650  km,  and  arrived  over  the  station  as 
early  as  1800  hours.  Extrapolation  of 
oval  conditions  from  time  of  occurrence 
and  range  of  backscatter  echoes  can  be 
made  three  to  six  hours  prior  to  the 
arrival  of  aurora  at  Goose  Bay.  A statisti- 
cal analysis  of  backscatter  echoes  shows 
that  time  of  occurrence  and  arrival  at  the 
station  are  well  ordered  by  Kp  (averaged 
over  the  noon-to-midnight  hours).  For 
Kp  = 0 to  3 backscatter  fronts  associated 
with  the  approaching  oval  are  clearly 
identifiable  and  can  be  used  for  the  pre- 
diction of  the  location  of  the  poleward 
trough  wall. 

Under  more  disturbed  conditions 
(Kp>3+),  discrete  ionization  fronts  arc 
less  likely  to  be  observed  and  the  appear- 
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Comparison  of  Goose  Bay  backscatter  data 
under  average  and  disturbed  magnetic  condi- 
tions. DMSP  auroral  images  taken  at  times  in- 
dicated by  arrows  show  location  of  Goose 
Bay  and  of  aurora. 

ance  of  a particle  produced  E-layer  after 
1 700  hours  local  time  is  a regular  phe- 
nomenon. 

Besides  the  location  of  the  trough  wall, 
users  of  HE  also  want  information  on 
auroral  activity.  The  strong  fluxes  of 
auroral  particles  that  precipitate  in  sub- 
storms result  in  enhancements  of  sporadic 
E and  auroral  absorption.  Both  iono- 
spheric phenomena  strongly  affect  HE 
propagation.  Using  sporadic  E and  en- 
hanced absorption  as  indicators  for  auro- 
ral activity  allows  the  conditions  of  the 
auroral  oval  to  be  monitored,  in  real  time, 
if  required.  Since  auroral  activity  general- 
ly occurs  over  extended  local  time  sectors 
of  the  oval,  a single  measurement  can  be 
extrapolated  to  larger  portions  of  the 
oval.  The  refinement  of  the  detection 
criteria  and  the  correlation  of  the 
observed  backscatter  to  a distinct  oval 
size  will  make  the  station  an  important 
real-time  oval  monitor. 

The  Air  Weather  Service  has  recognized 
the  importance  of  the  Goose  Bay  Iono- 
spheric Observatory  anti  has  made  it  part 
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of  its  Space  Environment  Support  System 
(SESS).  Since  1974  a steady  stream  of 
real-time  geophysical  data,  including 
ionospheric  sounder  data,  riometer, 
magnetometer,  total  electron  content, 
and  UHF/VHF  scintillation  measure- 
ments, have  been  transmitted  to  Global 
Weather  Central  for  use  in  its  prediction 
and  monitor  service.  The  importance  of 
Goose  Bay  will  increase,  especially  during 
the  4141.  Over  t lie-1  Jorizon  Radar  Sys- 
tems Performance  Tests.  During  the  onc- 
ycar  test  period,  real-time  data  available 
to  operators  at  the  Maine  test  site  will 
allow  the  assessment  of  ionospheric 
conditions  in  the  most  disturbed  sector 
of  the  OTH  coverage. 

Geomonitor  and  Geomonitor  Display: 
Significant  progress  has  been  made  to- 
wards real-time  automatic  monitoring  of 
the  auroral  oval  anil  ionospheric  sub- 
storms. The  principal  research  tool  used 
to  study  the  ionosphere  has  traditionally 
been  the  ionosonde  which  detects  radio 
pulses  reflected  from  ionized  layers  of 
the  upper  atmosphere.  The  data  output 
of  the  ionosonde  is  normally  in  the  form 
of  a photograph  or  a cathode  ray  tube 
presentation,  which  must  be  processed 
and  then  manually  analyzed  by  a trained 
observer.  AFGL  has  participated  in  the 
development  of  digital  ionosondes  which 
produce  ionograms  in  digital  form  suit- 
able for  hard  copy  printout,  recording 
on  magnetic  tape,  and  computer  proc- 
essing. More  recently,  computer  pro- 
grams have  heen  developed  for  the  auto- 
matic transformation  of  digital  magnetic 
tape  records  of  ionograms  into  so-called 
“characteristics.”  These  characteristics 
show  the  variation  with  time  of  the 
vertical  height  or  backseat  ter  range  of 
ionospheric  structures  and'  the  frequency 
range  of  echoes  returned  from  the  F- 
layer,  the  E layer  and  sporadic  E.  The 
real-time  ionospheric  data  which  has 
been  automatically  transformed  and  com- 
pressed is  in  a form  suitable  for  transfer 
from  the  AFGL  Goose  Bay  Ionospheric 


Observatory  in  the  auroral  zone  to  AFGL 
where  techniques  for  the  evaluation  and 
application  of  real-time  data  are  being 
developed. 

Sporadic  E and  enhanced  absorption 
can  be  used  to  determine  oval  diameter 
and  aurora]  activity.  These  parameters 
and  their  temporal  variations  are  easily 
observable  in  the  “characteristics”  pre- 
sentation. Thresholds  indicating  the  onset 
of  disturbances  can  be  determined  and 
permit  the  issue  of  event  reports  without 
tedious  data  evaluation.  A concept  of 
combining  a suitable  presentation  of 
ionospheric  characteristics  with  a display 
of  the  more  conventional  high-latitude 
disturbance  indicators  such  as  magneto- 
meter and  riometer  measurements  has 
been  developed  as  the  basis  for  a remote, 
real-time  “Auroral  Oval  and  Ionospheric 
Substorm  Monitor.” 


Conceptual  layout  of  the  Auroral  Oval  and 
Ionospheric  Substorm  Monitor  System. 


Hardware  to  provide  for  such  a moni- 
tor system,  consisting  of  a Geomonitor 
at  Goose  Bay  and  a Geomonitor  Display 
system  at  AFGL  is  under  construction. 
Data  from  the  ionosonde  and  the  other 
measurement  systems  will  be  digitized 
and  assembled  into  data  messages  by  the 
Geomonitor.  In  real-time  operation,  the 
data  messages  would  be  transferred  by 
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telephone  land  line  or  satellite  relay  to 
the  user  site.  During  initial  checkout,  the 
data  will  be  recorded  and  then  played 
back  into  the  Geomonitor  Display.  The 
data  messages  will  be  processed  by  the 
Geomonitor  Display  and  displayed. 

Ionospheric  characteristics  will  be 
printed  out  to  provide  a hard  copy  time 
history  of  normal  diurnal  variations  and 
of  ionospheric  disturbances.  lonograms 
will  be  reconstituted  on  a plasma  display 
device.  The  reconstituted  ionogram  has 
the  same  format  as  the  original  ionogram 
and  shows  the  shapes  and  heights  of  the 
E and  F layers.  The  reconstituted  iono- 
grams  assist  in  the  interpretation  of  the 
most  recent  characteristics.  A separate 
printer  will  display  the  other  geophysical 
parameter  data  values. 

The  Geomonitor  Display  System  will 
test  the  data  for  disturbances  such  as 
magnetic  bays,  riometer  absorption  or 
sporadic  E events  and  automatically 
activate  warning  lights.  It  will  be  a self- 
contained  dedicated  hardware  system 
and  will  not  require  allocation  of  user 
data  storage  or  computing  capability.  It 
can  be  expanded  in  the  future  to  enter 
digital  data  into  the  user  system  automa- 
tically. 

Methods  and  techniques  for  monitor- 
ing the  high-latitude  ionosphere  will  be 
developed  at  AFGL  using  the  Gcoinoni- 
tor  Display  output  to  make  it  an  opera- 
tional tool  at  sites,  as  for  example  an 
OTH  radar  site,  where  knowledge  about 
the  condition  of  the  auroral  ionosphere 
is  required  for  proper  systems  manage- 
ment. 

Polar  Atmospheric  Research:  The  ccn 

tral  polar  cap  upper  atmospheric  program 
was  terminated  in  June  1976  with  the 
closing  of  the  AFGL  Geopole  Observa- 
tory at  Thule,  Greenland.  The  Observa- 
tory had  been  in  operation  19  years  since 
it  was  set  up  for  IGY  studies.  The  most 
recent  studies,  carried  out  at  the  obser- 
vatory, involved  energetic  particle  events 
in  the  central  polar  cap.  The  term  cncr- 
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An  energetic  particle  event  as  observed  by 
ground-based  VLF,  magnetometer,  riometer 
and  photometer  systems  in  the  central  polar 
cap  at  the  AFGL  Geopole  Observatory, 
Thule,  Greenland. 


gctic  particle  event  refers  to  a period  of 
time,  usually  less  than  one  hour  duration, 
in  which  one  or  more  of  the  riometers 
shows  some  absorption.  During  these 
times  the  other  sensors  usually  record 
disturbances:  one  or  more  of  the  VLF 
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receivers  may  show  significant  absorp- 
tion, the  X(H),  Y,  and  Z-magnctometer 
data  may  undergo  fluctuations  exceeding 
250  gamma,  and  the  5577  angstrom  line 
intensity  may  exceed  1000  Rayleighs. 
These  events  may  be  preceded  or  follow- 
ed by  periods  of  one  to  two-hour  dura- 
tions during  which  the  VLF,  magneto- 
meter, and  5577  angstrom  data  may  show 
significant  disturbances.  Those  events 
which  are  accompanied  by  significant 
magnetic  field  fluctuations  are  also  com- 
monly known  as  magnetic  substorms. 

5577  Angstrom  Night  Airglow  in  the 
Central  Polar  Cap:  The  5577  angstrom 
night  airglow  emission  was  measured  in 
the  central  polar  cap  by  ground-based 
photometric  systems  at  Thule  Air  Base, 
Greenland,  during  the  winters  of  1972- 
1973  and  1974-1975  and  at  Thule- 
Qanaq,  Greenland,  during  the  winter  of 
1973-1974.  Eighteen  energetic  particle 
events  occurred  at  Thule  during  this  per- 
iod. The  5577  angstrom  night  airglow 
emission  behaved  very  differently  in  the 
polar  cap  than  at  mid  and  low  latitudes. 
No  diurnal  variation  greater  than  5 per- 
cent exists  in  the  data.  Large  amplitude 
variations  in  5577  angstrom  daily  average 
emission  intensities  do  occur  with  changes 
up  to  a factor  of  approximately  8 over 
periods  ranging  from  4 to  19  days.  These 
long-term  airglow  variations  have  a hori- 
zontal scaie  size  of  at  least  100  km.  This 
fact  is  supported  by  a correlation  coeffi- 
cient of  0.94  between  daily  average  5577 
angstrom  airglow  intensities  observed  at 
Thule  Air  Base  and  Thule-Qanaq.  An 
interplanetary  magnetic  field  sector  re- 
lated behavior  is  evident  in  the  daily 
average  intensities  which  shows  an  in- 
crease of  intensity  in  a + sector  and  de- 
crease of  intensity  in  a — sector.  (A  posi- 
tive interplanetary  magnetic  field  sector 
is  predominantly  away  from  the  sun  and 
a negative  sector  is  predominantly  toward 
the  sun.)  No  significant  correlation  was 
found  between  the  5577  angstrom  daily 
average  intensities  and  Zurich  sunspot 


number  R^,  although  a positive  trend 
was  evident  from  observing  season  to 
observing  season.  Correlations  between 
the  5577  angstrom  daily  average  intensi- 
ties and  planetary  magnetic  indices  Kp 
and  Ap  were  inconclusive  due  to  sector 
related  effects. 
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Daily  average  5577X  airglow  intensities  as 
observed  by  a two-channel  photometer  system 
at  the  AFGL  (ieopole  Observatory  in  Thule, 
Greenland,  during  the  1972-73,  1973-74 
and  1974-75  winter  seasons. 

High  Frequency  Radio  Wave  Propaga- 
tion in  the  F-Layer  Trough:  One  of  the 

problems  of  the  Ovcr-thc-Horizon  (OTH) 
Backscatter  radar  systems  results  from 
large  range  and  azimuth  errors  caused  by 
ionospheric  refraction.  This  problem  is 
most  serious  near  the  cquatorward  bound- 
ary of  the  auroral  oval.  Previous  modeling 
and  3-D  ray  tracing  had  indicated  that 
off-grcat-circle  modes,  with  azimuth 
errors  of  up  to  14  degrees  and  associated 
ground  distance  errors  of  up  to  400  km, 
were  possible  under  routinely  occurring 
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FM/CW  propagation  ionogram  between  Ava, 
New  York,  and  the  AFGL  Airborne  Iono- 
spheric Observatory  over  a 1500-km  night- 
time path.  The  long  straight  trace  is  a weak 
Es  mode,  just  above  it  is  a IF  mode  with  an 
MUF  of  about  3.2  MHz.  The  trace  with  a 2 
msec  delay  against  the  Es  with  an  MUF  of 
about  5 MHz  is  an  off-great-circle  mode  via 
the  auroral  oval. 


conditions.  Airborne  propagation  experi-  between  the  Goose  Bay  Ionospheric 

ments  carried  out  jointly  by  AFGL  and  Observatory  and  the  Airborne  Iono- 

RADC  have  shown  that  these  modes  spheric  Laboratory  flying  meridional  legs 

persist  for  extended  periods  to  the  north  of  Goose  Bay.  Results  show 

The  estimated  locations  of  the  reflec-  that  the  spatial  relation  of  the  propaga- 
tion regions  of  the  off-great-circle  modes  tion  path  midpoint  to  the  cquatorward 

indicate  that  quiet  conditions  prevailed  or  poleward  boundary  of  the  oval  affects 

throughout  the  three  hours  during  which  propagation  parameters  such  as  the  Max- 

the  Airborne  Ionospheric  Laboratory  ob-  imura  and  Minimum  Observed  Frequen- 

served  this  mode  on  January  27,  1976.  cies  (MOF  and  LOF)  and  the  structure 

The  understanding  of  the  behavior  of  of  propagating  modes.  Changes  in  these 

these  signals,  together  with  the  location  parameters  seem  to  be  sensitive  indicators 

of  the  oval  edge,  may  make  it  possible  to  of  the  boundary  crossing  of  the  midpoint, 

correct  the  azimuth  errors  or  to  identify  and  an  increase  in  auroral  activity, 

these  signals  as  strongly  affected  by  Systematic  changes  which  cannot 

errors.  simply  be  explained  by  the  relation  of 

Trans- Auroral  Oval  High  Frequency  the  path  midpoint  to  the  auroral  oval 

Radio  Wave  Propagation:  Trans- Auroral  suggest  the  existence  of  oval-aligned 

( Oval  Stepped  High  Frequency  (HF)  radio  ionospheric  structures  which  affect  HF 
propagation  experiments  were  carried  out  propagation.  Further  investigation  should 
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reveal  the  relation  of  these  ionospheric 
features  to  the  oval. 

Airborne  VHF  Scintillation  Measure- 
ments in  the  Arctic:  For  the  first  time 
airborne  scintillation  measurements  com- 
bined with  the  assessment  of  ionospheric 
and  auroral  conditions  were  conducted 
to  investigate  in  detail  the  relation  of 
scintillations  to  the  aurora.  Satellite 
transmissions  at  250  MHz  were  received 
during  eight  flights  in  April  and  Septem- 
ber 1975  on  board  the  AFGL  Airborne 
Ionospheric  Observatory.  The  flight  track 
permitted  investigation  of  the  occurrence 
of  scintillations  in  the  F layer  trough,  the 
auroral  oval  and  the  Polar  Cap.  Generally, 
scintillations  of  appreciable  amplitude 
(approximately  2 dB)  were  observed  only 
in  the  northern  half  of  the  auroral  oval, 
where  auroral  forms  are  generally  not 
embedded  in  continuous  aurora,  and  in 
the  polar  cap  just  to  the  north  of  the  oval. 
Here,  scintillations  were  observed  when- 
ever polar  cap  aurora  was  observed  or 


The  location  of  the  transmitter  site  (Ava,  New 
York)  and  the  aircraft  in  a corrected  geomag- 
netic latitude  /time  coordinate  system.  Super- 
imposed is  a Q=1  oval,  determined  from  air- 
craft backscatter  observations  between  01  00 
and  02  20  Corrected  Geomagnetic  Time.  The 
heavy  striped  lines  show  the  paths  and  reflec- 
tion points  of  selected  off-great-circlc  modes 
observed  during  a three-hour  period  on  Jan- 
uary 27,  1976. 


Geometry  of  propagation  conditions  with  re- 
spect to  instantaneous  oval  location  for  May 
21  and  May  22,  1974  oblique  propagation 
experiment.  Shown  are  the  flight  track  (sol- 
id line),  track  of  midpoint  (dashed  curve) 
and  location  of  Goose  Bay  (individual  dots). 
Superimposed  is  the  instantaneous  oval  de- 
rived from  15-minute  Q values.  During  flight. 
Sections  I,  III  and  V,  the  midpoint  was  south, 
and  during  Sections  11,  IV  and  VI,  the  mid- 
point was  within  the  auroral  oval. 


The  frequency  range,  as  a function  of  time, 
over  which  a 1 hop  E mode  was  observed  at 
the  aircraft.  Sections  I to  IV  correspond  to 
the  specific  propagation  situations  shown  in 
the  figure  above. 
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during  periods  of  auroral  activity  in  the 
oval.  Surprisingly,  no  scintillations  were 
observed  in  the  presence  of  even  extreme- 
ly active  discrete  auroras,  whenever  these 
auroras  were  embedded  within  a band  of 
continuous  (diffuse)  aurora.  No  scintilla- 
tionsof  the  250  MHz  signal  were  observed 
in  the  F -layer  trough  region.  Magnetic 
conditions  throughout  the  experiments 
were  quiet  to  moderately  disturbed  and 
only  two  minor  substorms  were  encoun- 
tered, both  without  significant  effects  on 
the  signal.  Generally,  the  findings  relate 
to  weak  scatter  phenomena  only. 

The  observed  scintillations  were  all 
encountered  in  the  region  of  the  F-Layer 
Irregularity  Zone  which  in  the  midnight 
sector  extends  across  the  northern  half 
of  the  oval  and  into  the  adjacent  polar 
cap  region.  It  seems  likely  that  a com- 
bination of  strong  E-region,  auroral,  and 
E-region  irregularities  is  responsible  for 
the  observed  effects  on  VHE  signals. 

Passive  Topside  Monitoring  of  F Layer 
Critical  Frequency:  For  range  and  azi- 
muth corrections  required  by  systems 
such  as  the  Global  Positioning  System 
(GPS)  and  satellite  surveillance  radars 
and  for  the  prediction  of  propagation 
conditions,  the  most  important  iono- 
spheric parameter  is  the  critical  frequency 
of  the  F layer,  the  foF2. 

Global  monitoring  has  up  to  now  been 
made  by  a net  of  ground  stations  and  by- 
several  satellite-borne  topside  sounders. 
The  former  is  rather  expensive,  while 
the  latter  often  poses  interference  prob- 
lems to  other  systems  on  board  the  space- 
craft and  requires  large  antennas  which 
cannot  always  be  mounted  without  in- 
terfering with  satellite  stability. 

Since  the  earth  is  a wide-hand  radio 
noise  source,  due  to  man-made  radio 
frequency  (rf)  transmissions,  and  man- 
made and  natural  rf  noise,  a study  was 
made  to  investigate  the  possibility  of 
determining  foF2  by  observing  the  radio 
noise  penetrating  the  F layer  to  satellite 


The  aircraft  flight  track  for  airborne  scintilla- 
tion studies  shown  in  corrected  geomagnetic 
latitude  and  time.  1 he  experiment  allows  the 
sampling  of  scintillation  conditions  in  the 
trough,  the  auroral  oval  and  the  polar  cap. 

heights.  Values  of  foF2  observed  on  iono- 
grams  recorded  by  the  ISIS-2  satellite 
were  compared  against  the  Automatic 
Gain  Control  (AGC)  voltage,  which  is  a 
measure  of  the  noise  or  interference  level. 
The  frequency,  above  which  the  AGC 
trace  showed  a continuous  enhancement 
above  the  cosmic  noise  background  level, 
was  considered  to  be  the  terrestrial  noise 
breaking  through  the  ionosphere.  The 
difference  between  foF2  noise  break- 
through and  the  frequency  was  taken  as 
a measure  of  how  well  noise  measure- 
ments can  be  used  to  infer  the  subsatellite 
value  of  foF2. 

The  study  showed  that  above  regions 
of  the  globe  where  ground-based  noise  is 
high,  and  the  ionospheric  structure  does 
not  display  severe  horizontal  gradients, 
measurements  of  noise  breaking  through 
the  ionosphere  can  be  used  to  determine 
foF2,  generally  to  within  1 .0  MHz.  Com- 
parison of  daytime  and  nighttime  meas- 
urements over  the  ocean  showed  a con- 
siderably smaller  difference  between  foF2 
and  noise  breakthrough  at  night.  It  is 
postulated  that  this  feature  is  due  to 
multi-hop  propagation  modes  that  are  at- 
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tenuatcd  less  at  night  than  during  the 
day.  A multi-channel  HF  receiver  design- 
ed for  the  measurement  of  the  noise 
breakthrough  will  be  part  of  the  Block 
V 1)  DMSP  Satellite  and  Air  Weather 
Service  has  developed  a computer  pro- 
gram to  determine  foF2  by  this  method 
in  suitable  regions. 

F-Layer  Trough  Model:  Realistic  ray 
tracing  in  the  region  of  the  main  F layer 
trough  to  investigate  the  effects  of  the 
low  electron  density  region  and  of  the 
strong  gradients  at  its  borders  on  an  Over- 
the-Horizon  (OTH)  radar  has  been  ham- 
pered by  the  lack  of  an  appropriate  mod- 
el. Initial  attempts  to  use  the  large  data 
base  of  topside  ionograms  collected  by 
the  Alouete  and  ISIS  satellites  were  not 
very  successful  due  to  the  large  variability 
in  the  location  of  the  poleward  trough 
wall.  The  correlation  with  Kp  was  not 
good  enough  for  ordering  the  data, 
especially  since  the  large  electron  density 
gradients  of  the  trough  wall  occur  over 
rather  small  distances. 
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December  9,  1971  ISIS-2  foF2  values  plotted 
vs  a reference  latitude  coordinate  system  in 
which  0 corresponds  to  the  trough  wall  and 
tnmus  latitude  values  correspond  to  the 
auroral  ionosphere,  while  positive  latitude 
values  correspond  to  the  trough  ionosphere. 

A new  data  analysis  technique  was 
developed,  which  led  to  good  results. 
The  foF2  values  collected  during  40 
orbits  in  December  1971  were  plotted 
individually  and  the  transition  from  the 
auroral  ionosphere  to  the  trough  was 
determined  for  each  path.  This  permitted 
the  data  to  be  analyzed  statistically,  with- 
out smoothing  the  gradient  to  be  deter- 
mined. The  study,  which  was  limited  to 


the  midnight  sector,  covered  quiet  to  dis- 
turbed magnetic  conditions  and  resulted 
in  a numerical  description  of  the  trough 
wall  gradient  and  the  mean  trough  elec- 
tron density. 

The  study  shows  that  the  steep  elec- 
tron density  gradient  that  characterizes 
the  poleward  wall  of  the  trough  is  typi- 
cally 43,000  electrons  per  cubic  centi- 
meter per  degree.  The  wall  extends  over 
about  3 degrees  of  latitude.  At  the 
latitude  of  the  base  .of  the  poleward 
trough  wall,  the  electron  density  is 
typically  48,000  electrons  per  cubic 
centimeter  (foF2  = 2.0  MHz).  The  trough 
is  4 degrees  wide  in  latitude  at  2 MHz— 
that  is,  foF2  values  remain  at  or  below 
2 MHz  for  about  4 degrees  of  latitude 
equatorward  from  the  poleward  trough 
wall.  Likewise,  the  trough  is  1 1 degrees 
wide  at  2.5  MHz  and  19  degrees  wide  at 
3.0  MHz. 


TRANS- IONOSPHERIC 
PROPAGATION  STUDIES 

VHF  radio  beacon  signals  from  low 
altitude  and  synchronous  satellites,  as 
well  as  from  radio  stars,  .ire  used  to  study 
the  effects  of  the  ionosphere  in  both  pro- 
ducing signal  amplitude  fluctuations  and 
rotating  the  plane  of  polarization  of 
linearly  polarized  signals.  The  amplitude 
fluctuations  of  the  signals  are  produced 
by  ionospheric  irregularities  at  F layer 
heights,  particularly  at  high  latitudes  and 
the  equator.  The  Faraday  rotation  of  the 
plane  of  polarization  is  used  to  study  the 
total  electron  content  of  the  ionosphere, 
a parameter  of  importance  in  correcting 
radar  range  and  navigation  errors. 

Total  Electron  Content:  Measurements 
of  the  Total  Electron  Content  (TEC)  of 
the  earth’s  ionosphere  arc  generally  made 
by  observing  the  Faraday  rotation  of  the 
plane  of  polarization  of  linearly  polarized 
VHF  radio  waves  transmitted  from  geo- 
synchronous satellites.  To  determine  the 
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total  amount  of  polarization  rotation  the 
initial  polarization  as  transmitted  from 
the  satellite  must  be  known.  Because  this 
is  not  normally  one  of  the  parameters  of 
the  satellite  measured  before  launch, 
AFGL  undertook  a measurement  pro- 
gram to  determine  the  initial  polarization 
from  several  satellites  while  in  orbit.  The 
technique  used  was  to  measure  the  total 
polarization  rotation  of  lunar  reflected 
radio  waves  at  a time  when  the  moon 
passed  nearly  in  back  of  each  satellite. 
This  measurement  was  made  during  a 
winter  nighttime  when  the  total  rotation 
was  small  and  changing  very  slowly.  The 
initial  polarization  angles  of  VHF  signals 
appropriate  for  Faraday  rotation  meas- 
urements from  ten  different  geosyn- 
chronous satellites  were  measured  using 
this  technique.  Results  have  been  publish- 
ed for  use  by  observers  at  any  station. 
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Thr  electron  density  gradient  at  the  equatorial 
edge  of  thr  trough  wall  versus  local  time  lor 
the  four  seasons. 

During  the  launch  of  the  Skylab  by 
NASA  on  May  14,  1973  an  unusually 
large  and  rapid  decay  in  the  ionospheric 
TEC  was  observed.  The  disturbance 
appeared  as  a dramatic  “bite-out”  of 
more  than  50  percent  of  the  electron 
content,  which  lasted  for  several  hours, 
as  compared  to  the  expected  TEC  curve 


for  that  day.  A detailed  analysis  of  the  F2 
region  chemistry  of  the  event  revealed  a 
devastating  loss  process  due  to  the  dis- 
charge of  water  vapor  and  unburned  hy- 
drogen from  the  launch  rocket.  The  spe- 
cific mechanism  was  the  rapid  ion-atom 
interchange  reactions  between  the  iono- 
spheric 0+  and  the  hydrogen  and  water 
vapor  molecules  in  the  plume,  followed 
by  dissociative  recombination  of  the 
molecular  ions.  While  the  launch  trajec- 
tory was  off  the  East  Coast  of  the  United 
States,  effects  were  seen  in  TEC  observa- 
tions at  Urbana,  Illinois;  Goose  Bay, 
Labrador  and  N'arssarssuaq,  Greenland, 
in  addition  to  the  local  station  at  Hamil- 
ton, Massachusetts. 
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A comparison  of  the  Sagamore  Hill  predicted 
monthly  mean  total  electron  content  and  its 
average  storm-time  correction  for  May  1973. 

The  actual  experimentally  determined  month- 
ly mean  and  the  behavior  during  the  geomag- 
netic storm  period  May  13  and  14,  1973. 

Scintillations  of  Satellite  Signals:  Am- 
plitude and  phase  fluctuations  introduced 
by  the  ionosphere  in  signals  passing  from 
ground  to  satellites  to  ground  have  be- 
come a problem  primarily  in  the  equato- 
rial and  high  latitude  regions.  With  the 
advent  of  a series  of  military  and  civilian 
satellites  transmitting  and  receiving  at  a 
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variety  of  frequencies  from  136  to  1600 
MHz,  the  phenomenon  has  received 
considerable  attention.  The  study  of  the 
effects  on  these  signals  as  a function  of 
time  of  day,  magnetic  conditions,  lati- 
tude and  longitude  allows  operations 
groups  to  understand  the  natural  prob- 
lems they  will  encounter  and  allows  the 
engineer  to  develop  second  generation 
systems  and  equipment  to  minimize  the 
fading  phenomenon. 

Recently  the  AFGL  group  has  been 
concerned  w'ith  the  effects  of  the  irregu- 
larities in  the  equatorial  ionosphere.  A 
belt  roughly  20  degrees  on  each  side  of 
the  geomagnetic  equator  displays  intense 
irregularities  which  produce  effects  at  fre- 
quencies as  high  as  6 GHz  even  at  very 
high  viewing  angles.  The  varieties  of 
equatorial  behavior  include  many  facets. 
Very  weak  irregularities  generated  by  the 
equatorial  electrojet  have  recently  been 
found  to  exist  in  the  pre-noon  time  peri- 
od. Very  strong  irregularities  placed  in  the 
ionosphere  from  200  to  1,000  km  have 
been  found  to  exist  when  large  plumes  rise 
in  the  equatorial  ionosphere.  These  strong 
irregularities  with  deviations  of  electron 
density  up  to  half  the  ambient  electron 
density  are  responsible  for  the  micro- 
wave  scintillations  and  very  deep  UHF 
scintillations.  Thin  weaker  irregularities 
produce  the  relatively  shallow  fading  at 
VI IF  and  UHF. 

By  comparing  in  situ  measurements  of 
irregularities  from  an  Orbiting  Geo- 
physical Observatory  satellite,  OGO-6, 
with  ground  measurements  of  scintilla- 
tions, the  seasonal  variation  of  scintilla- 
tions with  longitude  is  emerging.  The 
first  map  of  this  type  shows  that,  in  the 
months  of  November  and  December, 
areas  in  South  America  display  strong 
scintillation  activity  while  equatorial 
regions  over  India  show  little  activity. 
This  combining  of  ground  measurements 
of  trans-ionospheric  transmissions  and 
satellite  measurements  of  irregularities 


will  allow  the  morphological  picture  to 
be  developed  more  fully. 

While  the  equatorial  scintillations  dis- 
play only  a weak  negative  correlation 
with  magnetic  index,  at  high  latitudes 
strong  magnetic  disturbances  produce 
intense  scintillations.  A model  of  high- 
latitude  scintillations  is  being  developed 
using  magnetic  index,  time  of  day, 
season  and  solar  flux  to  determine 
scintillations.  This  model  utilizes  ob- 
servations over  several  years  from 
Narssarssuaq,  Greenland;  Goose  Bay, 
Labrador,  and  Sagamore  Hill,  Massa- 
chusetts, as  its  data  base.  It  has  been 
partially  completed  and  will  allow 
forecasters  to  determine  the  scintilla- 
tion level  when  the  magnetic  index  is 
forecast.  Further  work  in  this  area 
will  include  developing  mathematics  for 
irregularity  elongation  (along  the  lines 
of  force  of  the  earth’s  magnetic  field) 
and  for  the  polar  latitudes  where  there  is 
only  a sparse  data  base. 
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The  percentage  of  scintillations  4.5  dB  or 
greater  at  140  MHz  between  7:00-1  1 :00  p m. 
local  time  during  November  and  December 
1969  and  1970.  The  map  was  compiled  from 
scintillation  data  and  OGO-6  observations. 


Signal  Statistics;  Periods  of  intense 
scintillations  have  been  analyzed  to  pro- 
vide information  for  evaluation  of  trans- 
ionospheric  propagation  effects  on  Air 
Force  satellite  communication  systems 
operating  in  the  VHF  and  UHF  bands. 
Using  the  40,  137  and  360  MHz  signals 
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from  ATS-6,  scintillation  data  from  the 
auroral  and  equatorial  regions  have  been 
processed  by  computer  and  the  ampli- 
tude distribution,  the  rate  distribution, 
the  power  spectra,  and  the  correlation 
functions  determined.  The  cumulative 
amplitude  distribution  is  most  useful  for 
determining  the  required  fade  margin. 
The  experimental  data  indicate  that  the 
scintillations  closely  follow  the  Nakagami 
m distribution  with  the  Rayleigh  distri- 
bution being  the  worst  case. 

Data  on  the  scintillation  rates  are  used 
to  predict  message  reliability.  When  the 
periods  of  the  fades  become  less  than 
the  message  length,  the  reliability 
approaches  zero.  The  relationship  of 
scintillation  amplitude  to  the  frequency 
at  which  the  signal  fades  and  recovers 
has  been  determined  for  intense  scintilla- 
tions. Also,  based  on  the  measured 
values  of  the  Nakagami  m-parameter, 
the  dependence  of  scintillations  on  trans- 
mission frequency  was  measured  from 
the  137  and  360  MHz  data.  For  the  most 
intense  scintillations  the  amplitude  of 
scintillations  became  almost  independent 
of  satellite  transmission  frequency  over 
that  range. 

The  autocorrelation  functions  are  use- 
ful in  selecting  coding  and  time  diversity 
techniques.  Intense  scintillations  have 
delays  of  several  seconds  for  correlation 
coefficients  of  0.5. 


SOLAR  RADIO  ASTRONOMY 
RESEARCH 

Solar  radio  investigations  of  the  Trans- 
lonospheric  Propagation  Branch  arc 
divided  into  two  general  areas.  The  larger 
effort  uses  multi-frequency  data  col- 
lected with  patrol  type  instruments 
having  low  angular  resolution.  Both 
quiet  sun  and  burst  emission  com- 
ponents arc  studied.  Less  effort  is 
applied  to  studies  using  medium  to  high 
resolution  measurements  taken  routinely 


with  the  Naval  Electronics  Laboratory 
Center  60-foot  diameter  antenna  at  La 
Posta,  California,  and  infrequently  with 
the  Northeast  Radio  Observatory  Cor- 
poration (NF.ROC)  120-foot  diameter 
Haystack  antenna.  The  research  in  both 
areas  is  strongly  oriented  toward  pre- 
diction of  geophysical  activity  after  a 
flare  or  burst.  The  research  supports 
the  Air  Weather  Service,  the  Space 
and  Missile  Systems  Organization,  and 
operational  groups  with  Air  Force 
commands. 

For  more  than  a decade,  the  10.7  cm 
quiet  sun  radio  flux  density  has  been 
used  as  one  of  several  inputs  into  the 
equation  used  to  predict  changes  in  the 
orbits  of  low  altitude  satellites.  For 
almost  twice  that  time.  Laboratory 
scientists  have  advocated  the  use  of 
quiet  sun  radio  flux  density  data  for 
calibration  of  telemetry  and  radar 
systems.  In  the  past  two  years,  the  use- 
fulness of  the  concept  has  been  recog- 
nized to  the  extent  that  specifications 
for  new  radar  systems  now  include  pro- 
visions for  using  quiet  sun  data  for 
various  system  checks.  This  is  possible 
since  quiet  sun  measurements  over  a 
wide  range  of  frequencies  from  meter 
to  millimeter  wavelengths  now  have  an 
absolute  accuracy  of  about  95  percent 
and  a day-to-day  consistency  as  high  as 
97  percent. 

Multi-frequency  observations  at  nine 
discrete  frequencies  between  200  and 
35,000  MHz  yield  spectral  data  on  solar 
disturbances  which  provide  information 
on  physical  mechanisms  taking  place 
on  the  sun.  Because  appearances  of 
phenomena  repeat,  they  can  be  signa- 
tures of  either  simultaneous  or  related 
geophysical  events.  The  signatures  which 
relate  to  catastrophic  events  are  of 
special  interest.  Work  on  developing 
and  improving  radio  prediction  and 
warning  criteria  is  of  a continuing 
nature. 
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Recently,  a survey  of  bursts  having 
the  now  well  known  U-shape  signature 
of  proton  activity  was  completed  for  the 
years  19(36  - June  1976.  Of  81  radio 
outbursts  with  the  U-shape  signature,  at 
least  79  had  confirmed  proton  associa- 
tion. For  the  remaining  two,  proton 
emission  was  probable.  This  means  that 
the  U-shape  radio  burst  signature  can 
reliably  predict  proton  activity  without 
"false  alarms."  This  proton  activity, 
however,  is  not  necessarily  observed  as 
a polar  cap  absorption  or  other  geo- 
physical event  because  both  the  inter- 
planetary magnetic  field  lines  (IMF) 
between  sun  and  earth  and  the  transport 
of  protons  from  the  flare  or  burst  site 
to  the  sun-earth  field  line  “bundle” 
play  significant  roles.  Although  the 
majority  of  radio  outbursts  having  the 
U-shape  signature  are  followed  by  geo- 
physical phenomena,  other  signatures  are 
required  to  determine  which  proton 
emission  events  will  produce  an  earth- 
recorded  or  near-earth  geophysical  event. 

It  seems  clear  that  while  proton- 
producing  outbursts  originate  from  all 
solar  disk  longitudes,  a recent  AFGL 
study  of  large  solar  outbursts  showed 
that  there  arc  preferred  Carrington  longi- 
tudes for  proton  flares. 

Although  east  limb  solar  events  have 
produced  outstanding  geophysical  activ- 
ity, more  of  the  important  geophysical 
events  originate  in  the  western  solar 
hemisphere,  with  generally  faster  onset. 
In  Sunspot  Cycle  Number  20,  90  percent 
of  the  ground  level  events  originated 
from  solar  western  hemisphere  locations 
even  though  the  preferred  130-180 
degree  Carrington  longitude  interval  did 
not  emit  any  particles  resulting  in 
ground  level  events.  Efforts  are  being 
made  to  determine  if  the  radio  bursts 
of  the  proton  events  also  contain  a radio 
signature  of  some  condition  in  the  solar 
proton  flare  producing  region  which  will 
suggest  whether  or  not  the  event  will 
ultimately  be  observed  as  a geophysical 


event  at  the  earth.  The  clue  may  be  in 
the  use  of  long  wavelength  radio  burst 
data  to  indicate  the  direction  of  open 
field  lines  in  the  active  region  for  the 
escape  of  energetic  particles  toward  or 
away  from  the  IMF'  “bundle.” 
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Peak  and  integrated  flux  density  spectra  of 
the  solar  outburst  of  August  21,  1975  near 
1520  Universal  Time,  from  Sagamore  Hill 
Observatory  data. 


Greater  utilization  of  the  burst  flux 
density  U-shape  spectrum  than  merely 
the  yes-no  prediction  of  forthcoming 
proton  activity  has  been  sought.  A 
number  of  useful  spectral  signatures  have 
been  found.  For  example,  the  frequency 
at  which  the  power  from  the  burst  peaks 
is  indicative  in  a rough  way  of  the 
magnetic  field  intensity  in  the  fiare/burst 
region.  The  slope  in  the  frequency  range 
above  this  frequency  is  indicative  of  the 
energy  distribution  of  the  radiating 
electrons.  Models  have  been  generated 
and  are  now  being  compared  with  actual 
data.  A relatively  slow  decrease  with 
frequency  above  the  frequency  of  maxi- 
mum power  indicates  extremely  high 
energy  in  the  burst  region. 


BURST  INTEGRATED  FLUX  DENSITY  ( M * Mi  ' 
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Observed  solar  radio  burst  spectra  with  the 
associated  proton  spectra.  Note  that  a large 
interval  between  CJ  3 and  CO  2 **  correlated 
with  a moderately  hard  proton  spectrum  while 
a small  CO  3 /CO  2 ratio  is  correlated  with  a 
steep  or  soft  proton  spectrum. 


This  investigation  is  one  possible  way 
to  determine  the  proton  energies  in  the 
source.  Both  protons  and  electrons  can 
be  measured  in  space.  Neither  can  be 
measured  at  the  sun.  The  best  that  can 
be  done  is  to  infer  electron  densities 
from  radio  and  hard  X-ray  spectral  data. 
An  attempt  can  then  be  made  to  des- 
cribe the  acceleration  processes  which 
would  cause  the  electron  distribution. 

The  decimeter  dip  frequency  region  is 
fairly  well  defined  in  the  data.  The  slope 
of  the  burst  spectrum  in  the  interval  be- 


tween the  minimum  power  frequency 
and  the  maximum  power  frequency  may 
be  used  to  speculate  on  the  radiation  ab- 
sorption mechanism,  assuming  gyro-syn- 
chrotron emission  as  the  microwave  emis- 
sion process.  However,  the  determination 
of  how  the  burst  is  actually  attenuated 
must  await  better  information  on  the 
burst  region  parameters. 

An  investigation  carried  out  during 
the  past  few  years  showed  that  there 
is  a useful  correlation  between  the  pro- 
ton flux  over  a specified  interval  and 
the  width  of  the  interval  between  the 
frequency  at  which  the  burst  energy 
peaks  and  the  frequency  at  which  the 
energy  is  a minimum.  Specifically,  a 
large  frequency  ratio  denotes  a hard  or 
relatively  flat  spectrum  in  the  10  to 
more  than  60  MeV  range  while  a small 
ratio  of  the  two  frequencies  denotes  a 
steep  or  soft  proton  spectrum. 

Statistical  studies  were  made  of  the 
correlation  of  burst  spectral  data  with 
proton  flux  at  various  energies  for 
about  25  events.  The  results  of  the  study 
indicate  that  it  is  possible  to  predict, 
from  radio  data  alone,  the  slope  of  the 
proton  flux  maxima  or  even  the  ratio  of 
more  than  10  MeV  to  more  than  30  MeV 
protons  or  more  than  10  MeV  to  more 
than  60  MeV  protons.  Earlier  work 
showed  that  radio  burst  integrated  flux 
density  data  can  provide  quantitative 
prediction  data  on  the  flux  of  protons 
with  energies  greater  than  10  MeV  or  on 
Polar  Cap  Absorption  at  30  MHz  in 
decibels.  By  combining  predictions  of 
the  proton  flux  with  energies  of  10  MeV 
or  greater  with  the  frequencies  of  mini- 
mum and  maximum  power  signatures, 
it  should  be  possible  to  predict  the  entire 
proton  spectrum  from  radio  data  alone. 
To  improve  on  this  prediction  reliability, 
radio  burst  integrated  flux  density  for  all 
proton  events  of  sunspot  cycle  number 
20  is  being  reviewed. 


The  Radio  Solar  Telescope  Net- 
work (RSTN)  is  a continuing  concern. 
High-resolution  radio  studies  of  solar 
active  regions  were  continued  using  the 
NEROC  120-foot  Haystack  radio  tele- 
scope at  3.8-cm  wavelength.  Techniques 
are  being  sought  that  will  provide  long- 
term advance  warning  of  eruptive  events 
that  can  disrupt  terrestrial  ionospheric 
and  atmospheric  conditions.  Results  of 
power  spectral  analysis  of  the  3.8-cm 
signals  reveal  periodicities  in  the  polar- 
ized emission  from  the  region  prior  to 
a flare  event.  The  most  prominent  period 
is  23  seconds.  No  significant  periodicities 
occur  in  the  pre-flare  brightness  tempera- 
tures, however.  Only  one  observation  of 
an  active  region  erupting  with  a proton 
flare  was  obtained  in  real  time  on  the 
Haystack  radio  telescope.  This  event, 
which  occurred  on  August  21,  1975, 
was  surprising  in  that  the  brightness 
temperature  of  the  region  was  decreasing 
towards  a very  low  value  and  there  were 
no  unusual  polarization  variations  when 
it  suddenly  erupted  and  caused  a 0.7  dB 
riometer  polar  cap  absorption  (PCA) 


later  found  to  be  associated  with  a large 
quiescent  filament  system.  To  explain 
the  observations  a model  was  developed 
where  a coronal  cavity,  which  normally 
surrounds  arch  prominences,  could  pro- 
vide the  necessary  depression  value  if 
it  had  a density  one-half  the  surround- 
ing coronal  value.  Another  depression 
observed  at  the  same  lime  had  a value 
6 percent  less  than  the  background  sun. 
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The  low  level  of  solar  activity  over  the 
past  two  years  made  conditions  favor- 
able for  a radio  search  for  coronal  holes 
on  the  solar  disk.  Since  coronal  holes 
are  the  sources  of  high  speed  wind 
streams  that  are  thought  to  be  respon- 
sible for  terrestrial  recurrent  magnetic 
storms,  a detection  and  study  of  these 
holes  at  transition  level  heights  (3.8  cm 
emission  level)  could  provide  a valuable 
input  to  a magnetic  storm  forecast 
capability.  Measurements  on  the  Hay- 
stack radio  telescope  in  September  of 
1975  revealed  an  area  in  which  the  radia- 
tion was  depressed  about  8 percent 
below  the  background  sun  level,  indi- 
cating a possible  coronal  hole.  It  was 


A radio  depression  area  on  the  sun  at  S.8  cm 
wavelength.  First  thought  to  be  a corona!  hole, 
it  is  actually  a result  of  a coronal  cavity  which 
surrounds  the  filament  and  has  a density  of 
one  half  the  normal  coronal  value.  The  dashed 
line  shows  the  levels  measured  by  a large 
antenna  beam  such  as  the  Ibystack  4.  4 arc- 
minute  beam,  as  it  scans  across  the  cavity. 
With  a higher  resolution  pencil  beam,  the  level 
shown  by  the  solid  line  would  be  measured. 
The  filament  would  be  detected  in  the  cavity 
which  has  a deeper  depression  level. 


The  unavailability  of  optical,  EUV,  or 
X-ray  coronal  hole  data  for  this  period 
did  not  allow  the  latter  region  to  be 
positively  identified  as  a coronal  hole. 
Analysis  is  now  being  performed  on  data 
from  other  coronal  hole  searches  with 
the  Haystack  radio  telescope  made  at 
times  when  supportive  measurements  arc 
available. 
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Structure  v Observed  with  OGO-6 
1976  Spring  Ann.  Mtg.  of  the  Am. 

Grophys.  Union,  Wash.,  I).  C.  (12-16  April  1976) 


BASU,  S.  (Emmanuel  Coll.,  Boston,  Mass.),  and 

Aarons,  J . 

Daytime  VtlF  Scintillations  at  Huancayo  and  the 
Equatorial  Electro  jet 

Symp.  ot  the  Com.  on  Space  Res.  (COSPAR)  Beacon 
Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 
1976) 


B.\SU,  S .,  and  BASU,  S.  (Emmanuel  Coll.,  Boston, 
Mass.) 

Correlated  Measurements  of  Scintillations  and  In-Situ 

F-Rcgion  Irregularities  from  OGO-6 

Symp.  of  the  Com.  on  Space  Res.  (COSPAR)  Beacon 

Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 

1976) 


BlBL,  K.  (Lowell  Technol.  Inst.  Res.  Fdn.,  Lowell, 
Mass.),  PFISTER,  W.,  REINISCH,  B . W.  (LTI  Res. 
Fdn.),  and  SALES,  G.  S . 

Motions  in  the  Upper  Atmosphere  Using  Spectral  Data 
from  Spaced  Antennas 

Conf.  on  the  Upper  Atm.  (Am.  Met.  Soc.),  Atlanta, 
Ga.  (30  September-4  October  1974) 


CASTELLI,  I . P..GUIDICE,  I).  A., and  AARONS, 

J- 

Comparison  of  Morphology  and  Spectra  of  August  7, 
1972  Outburst  at  Microwaves  and  Hard  X-Rays 
18th  Gen.  Asbly.  of  Inti.  Union  of  Rad.  Sci.,  Lima, 
Peru  (11-19  August  1975) 


ClIACKO,  C . C .,  MENDILLO,  M.  (Bosi  . Univ.. 
Boston,  Mass.),  and  PlKE,  C.  P . 

Representation  for  the  Ionospheric  Electron  Density 
Trough 

1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.  C.  (12  16  April  1976) 


CHERNOSKY,  K.J  .and  GARRETT.  H.  B. 

Geomagnetic  Activity  as  Related  to  Day-to-Dax 
Changes  in  Sunspot  Count 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


CHERNOSKY,  E.J  and  Kl.OBUCHAR.J  - A. 
Diurnal  Rates  of  Chan,.,  in  TEC  Obscri'cd  from  Cape 
Kenncdy-A  TS  J 

Jt.  Satellite  Studies  Gp.  Mtg.,  No.  Andover,  Mass. 
(7-9  June  1976) 
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Cormier,  R.J.,and  Lorentzen,  A.H. 

Digital  Ionospheric  Sounding  and  Subsequent  Automa- 
tic  Processing 

Mitre/Bedford  Amateur  Rad.  Club,  Bedford,  Mass. 

(5  February  1975) 


KLOBUCHAR,  J . A.,  and  HOSSEINIEH,  H.  H. 
(Emmanuel  Coll.,  Boston,  Mass.) 

Seasonal  and  Solar  Flux  Dependence  of  Mid- Latitude 
Slab  Thickness 

1974  USNC/URSI-IEEE  Mtg.,  Boulder,  Colo.  (14-17 
October  1974) 


Du  LONG,  D.  D.  (Regis  Coll.,  Weston,  Mass.),  and 

Allen,  R.S. 

Specification  of  Navigation  and  Radar  Errors  Caused 
by  the  Ionosphere 

Symp.  of  the  Com.  on  Space  Res.  (COSPAR)  Beacon 
Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 
1976) 


KRUKONIS,  A.  P„  and  WHALEN,  J . A. 
Lifetimes  of  Bright,  Active,  Expanded  Auroras  Near 
Midnight 

1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.  C.  (12-16  April  1976) 


Elkins,  T.J . 

High  Frequency  Adaptive  Communications 
Allied  Rad.  Freq.  Agcy.  Symp.,  NATO  Hq.,  Brussels, 
Belgium  (18-21  November  1975) 


Kalaghan,  P.M. 

Solar  Limb  Brightening  at  Millimeter  Wavelengths 
143rd  Mtg.  of  the  Am.  Astronom.  Soc.,  Rochester, 

N.  Y.  (20-23  August  1974) 

Klobuchar,  J. 

Problems  in  Ionospheric  Time  Delay  Modeling  for 
Satellite  Positioning  Systems 

AGARD  Specialists  Mtg.  of  the  Electmg.  Wave  Propaga- 
tion Panel,  Athens,  Greece  (26-30  May  1975) 

Initial  Polarization  Transmitted  at  VII F from  Geostation- 
ary Satellite  Beacons 

A Comparison  of  Total  Electron  Content  as  Deter- 
mined from  Group  Path  Delay  and  Faraday  Measure- 
ments 

1975  Inti.  IEEE/AP-S  Symp.  and  USNC/URSI  Mtg., 
Univ.  of  111.,  Urbana,  111.  (2-5  June  1975) 

Average  Behavior  of  the  Ionospheric  F-Region  at  L=4 

1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.  C.  (12-16  April  1976) 

A Review  of  Ionospheric  Time  Delay  Limitations  to 
Ranging  Systems 

Symp.  of  the  Com.  on  Space  Res.  (COSPAR)  Beacon 
Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 
1976) 

Klobuchar,  J . A., and  Hawkins,  G.  S. 

(Smithsonian  Astrophys.  Obsv.,  Cambridge,  Mass.) 
Seasonal  and  Diurnal  Variations  in  the  Total  Electron 
Content  of  the  Ionosphere  at  Invariant  Latitude  54 
Degrees 

On  the  Determination  of  Mid- Latitude  Ionospheric 
Time  Delay  from  foF2 

Symp.  on  Eff.  of  the  lono.  on  Space  Sys.  and  Comm., 
Wash.,  0.  C.  (21-22  January  1975) 


MARTIN,  E.  (Emmanuel  Coll.,  Boston,  Mass.),  and 

Aarons,  J . 

F-Layer  Scintillations  and  the  Aurora 

Symp.  on  Eff.  of  the  lono.  on  Space  Sys.  and  Comm., 

Wash.,  D.  C.  (20-22  January  1975) 


MENDILLO,  M.  (Boston  Univ.,  Boston,  Mass.),  and 

Hawkins,  G.S.,  Klobuchar,  J . A. 

A Large-Scale  'Hole”  in  the  Ionospheric  F-Region 
Caused  by  the  Launch  of  Sky  lab 
1974  USNC/URSI-IEEE  Mtg.,  Boulder,  Colo.  (14-1  7 
October  1974) 


MENDILLO,  M.  (Boston  Univ.,  Boston,  Mass.),  and 

Klobuchar,  J.  A. 

Seasonal  Effects  in  Ionospheric  Storms 
COSPAR-URSI  Symp.  on  Beacon  Satellite  Investiga- 
tions of  the  lono.  Structure  and  ATS-6  Data,  Moscow, 
USSR  (24-29  November  1974) 


Moore,  J .G. 

Airborne  Optical  Measurements  of  Day  side  Polar  Air- 
glow  and  Aurora 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


Mullen,  E.G. 

Central  Polar  Cap  (OI)  \ 5577*A  Night  Airglow 
Am.  Geophys.  Union  Fall  Mtg.,  San  Francisco,  Calif, 
(8-12  December  1975) 


Mullen,  J . P and  Aarons,  J . 

Scintillations  Observed  through  the  Magnetospheric 
Cleft 

Symp.  of  the  Com.  on  Space  Re,.  (COSPAR)  Beacon 
Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 
1976) 


Mullen,  J . P and  Hawkins,  G . S . 

Daytime  Equatorial  Scintillations  m VHF  Trans-lono- 
spheric  Radio  Wave  Progagation  from  A TS-3  at 
Huancayo,  Peru 
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1974  USNC/URSI-IEEE  Mtg.,  Boulder,  Colo.  (14-17 
October  1974) 

Equatorial  Scintillations  at  136  MHz  Observed  Over 
Half  a Sunspot  Cycle 

Symp.  on  Eff.  of  the  Iono.  on  Space  Sys.  and  Comm., 
Wash.,  D.  C.  (20-22  January  1975) 

PAPAGIANNIS,  M.  D.  (Boston  Univ.,  Mass.), 
STRAKA,  R.  M.,  and  K.OCUT.J  . A.  (Boston  Univ., 
Mass.) 

Analysis  of  Active  Region  SFC  158/73 

147th  Mtg.  of  Am.  Astro  nom.  Soc.,  Chicago,  III. 

(December  1975) 

PAPAGIANNIS,  M.  D.,  (Boston  Univ.,  Mass.), 
STRAKA,  R.  M.,  K.OGUT,  J . A.,  and  TYLER, 

J . E.  (Boston  Univ.,  Mass.) 

Solar  Radio  Observations  at  3.8  Cm  with  the  120-Foot 
Haystack  Antenna 

Am.  Geophvs.  Union  1974  Fall  Ann.  Mtg.,  San  Fran- 
cisco, Calif.  (12-17  December  1974) 

Pp'ISTER,  W.  , and  SALES,  G.  S. 

Spectral  Analysis  of  F-Region  "Drift” Measurements 
in  Goose  Bay.  Labrador 

18th  Gen.  Asbly.  of  Inti.  Union  of  Rad.  Sci.  (URSI), 
Lima,  Peru  (11-19  August  1975) 

Pike,  C.  P. 

A Correlation  Study  Relating  Spacecraft  Anomalies  to 
Environmental  Data 

56th  Ann.  Am  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 

Pike,  C.  P„  Dandekar,  B. S.,and  \1eng.C.  1 . 

(Univ.  of  Calif.),  AKASOFU,  S . I . (Univ.  of  Alaska) 

A Correlation  Study  Relating  DMSP  Satellite  Observa- 
tions of  the  Aurora  to  the  Bz  Component  of  the  IMF 
1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.  C.  (12-16  April  1976) 

Pike,  C.  P.,  and  Whalen,  J . A. 

Observations  of  the  Red-Band  and  Auroras 
Am.  Geophys.  Union  1974  Fall  Ann.  Mtg.,  San  Fran- 
cisco, Calif.  (12-17  December  1974) 


Pike,  C.  P.,  Whalen,  J .A.,  Wagner,  R.  A„ 
Weber,  E.J ..and  Buchau.J  . 

Studies  of  DMSP  Photographs  at  AFCRL 
16th  Gen.  Asbly.  of  the  Inti.  Union  of  Geod.  and  Geo- 
phys. (IUGG),  Grenoble,  Fr.  (25  August-6  September 
1975) 

PlTTENGER,  E.  W.,  LT.  COL. 

AFCRL  Programs  in  Trans- Iono  spheric  Propagation 
and  the  Ionospheric  Environment 
DNA  Satellite  Link-Eff.  Mtg.,  R&D  Assoc.,  Santa 
Monica,  Calif.  (4  June  1975) 


Rush,  C.M. 

Limitations  of  Mapping  Techniques  to  Predicting  Total 
Electron  Content  at  a Distant  Point 
Symp.  on  Eff.  of  the  Iono.  on  Space  Sys.  and  Comm., 
Wash.,  D.  C.  (20-22  January  1975) 

A n Empirical  Electron  Density  Model  for  Use  in  Specify- 
ing Radio  Propagation  Conditions 
18th  Gen.  Asbly.  of  lntl.  Union  of  Rad.  Sci.  (URSI). 
Lima,  Peru  (1 1-19  August  1975) 

Rush,  C.  M.,  and  Aarons,  J . 

High  Latitude  Phenomena.  A Review  of  V.  S.  Results 

Published  Between  1972  and  1974 

18th  Gen.  Asbly.  of  Inti.  Union  of  Rad.  Sci.,  Lima, 

Peru  (1 1-19  August  1975) 

Rush,  C.  M.,  and  Edwards,  W.,  Maj. 

Sensitivity  of  the  HF  Propagation  Characteristics  to 
Electron  Density  Parameters 

1974  USNC/URSI-IEEE  Mtg.,  Boulder,  Colo.  (14-17 
October  1974) 

Slack,  F.  F. 

A TS-6  40  and  360  MHz  Differential  Phase  Measure- 
ments 

Symp.  of  the  Com.  on  Space  Res.  (COSPAR)  Beacon 
Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 
1976) 


Straka,  R.  M. 

Polarization  Variations  in  Active  Regions  at  3.8  Cm 
1974  USNC/URSI-IEEE  Mtg.,  Boulder,  Colo.  (14-17 
October  1974) 

Iom  an,  K. 

Spectral  Behavior  of  Ionospheric  Waves 

1974  USNC/URSI-IEEE  Mtg..  Boulder,  Colo.  (14-17 
October  1974) 

Spectral  Analyses  of  Iono  spheric -Doppler  Time  Series 

1975  lntl.  IEEE/AP-S  Symp.  and  USNC/URSI  Mtg., 
Univ.  of  111.,  Urbana,  111.  (2-5  June  1975) 

On  Wavelike  Perturbations  in  the  F Region 

18th  Gen.  Asbly.  of  lntl.  Union  of  Rad.  Sci.  (URSI), 

Lima,  Peru  (11-19  August  1975) 

Wagner,  R.  A.,  Whalen.  I . A.,  and  Buchau, 

j- 

Substorm  Related  Latitudinal  Shifts  of  the  Continuous 
Aurora  Obsen>ed  in  the  Magnetic  Local  Midnight 
Sector 

56th  Ann.  Am.  Geophyt.  Union  Mtg.,  Wash.,  D.  C.  (16- 
20  June  1975) 

Weber,  E.J  ..and  MENDE.  S.  B.  (Lockheed  Palo 
Alto  Re*.  Lab.,  Palo  Alto,  Calif.),  F.ATHER,  R. 

H.  (Phy*.  Dept.,  Boston  Coll.,  Mas*.) 

Observations  of  August  4.  1972  PCA  Event  from  South 
Pole  Station 

1974  Fall  Ann.  Am.  Geophyt.  Union  Mtg.,  San  Fran- 
cisco, Calif.  (12-17  December  1974) 
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Weber,  E.  J 1st  Lt.,  Whalen,  J . A„  and 
Buchau.J. 

Coordinated  Airborne,  Ground  Based  and  Satellite 
Observations  of  Auroral  Activity  in  the  Midnight  Local 
Time  Sector 

56th  Ann.  Am.  Gcophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


Whalen,  I . A„  Buchau,  1 and  Krukonis, 

A.  P.  J J 


Temporal  Patterns  of  Auroral  Activity  at  Midnight 
Am.  Gcophys.  Union  1974  Fall  Ann.  Mtg.,  San  Fran- 
cisco, Calif.  (12-17  December  1974) 


Path  Traces  in  Swept-Frequency  Backscatter  lonograms 
Over-The-Horizon  Detection  Tech.  Rev.  Mtg.,  Patrick 
AFB,  Fla.  (25-27  March  1975) 


TECHNICAL  REPORTS 
JULY  1974  - JUNE  1976 


Whalen,  J . A„ and  Krukonis,  A.  P. 

Inter-Relations  of  Oval,  Polar  Cap  and  Cleft  Auroras 
in  the  Noon  Sector 

56th  Ann.  Am.  Geophys.  Union  Mtg.,  Wash.,  D.  C. 
(16-20  June  1975) 


Aarons,  J . 

Global  Morphology  of  Ionospheric  Scintillations  II 
AFCRL-TR-75-0135  (11  March  1975) 

Equatorial  Scintillations:  A Review 
AFGL-TR- 76-007 8 (13  April  1976) 


Whalen,  J . A.,  and  Wagner,  R.  A. 

Characteristics  of  the  Continuous  Aurora  Inferred  from 
E-Layer  Parameters 

1976  Spring  Ann.  Mtg.  of  the  Am.  Geophys.  Union, 
Wash.,  D.  C.  (12-16  April  1976) 


Allen,  R.  S..and  Connelly,  I . M„ 
Vesprini,  R.  L. 

Specification  of  the  Thickness  of  the  Topside  of  the 
Ionosphere 

A FCRL-TR-7 5-0529  (6  October  1975) 


Whitney,  H.  E. 

Empirical  Descriptors  of  Ionospheric  Scintillations  and 
Their  Uses  for  System  Design 
1974  USNC/URS1-IEEE  Mtg.,  Boulder,  Colo.  (14-17 
October  1974) 

Amplitude  and  Fade  Rate  Statistics  for  Auroral  and 
Equatorial  Scintillation 

Symp.  on  Eff.  of  the  lono.  on  Space  Sys.  and  Comm., 
Wash.,  D.  C.  (20-22  January  1975) 

Amplitude  and  Rate  Characteristics  of  Intense  Scintilla- 
tions 

Symp.  of  the  Com.  on  Space  Res.  (COSPAR)  Beacon 
Satellite  Gp.,  Boston  Univ.,  Boston,  Mass.  (1-4  June 
1976 ) 

Whitney,  H.  E„and  Aarons,  J . 

Amplitude  Scintillation  Observations  and  Systems 
A pplication 

AGARD  Specialists  Mtg.  of  the  EM  Wave  Propagation 
Panel  on  Rad.  Sys.  and  the  lono.,  Athens,  Greece 
(26-30  May  1975) 

Whitney,  H.  E.,  and  Cantor,  C.  (Emmanuri 

Coll.,  Boston,  Mass.) 

Amplitude  and  Fade  Rate  Statistics  for  Equatorial  and 
Auroral  Scintillations 

Symp.  on  Eff.  of  the  lono.  on  Space  Sys.  and  Comm., 
Wash..  D.C.  (20-22  January  1975) 

Wong.M.S. 

Iterative  Ray-Tracing  Simulation  of  Minimum  Group- 


ANDREOLI,  L.  I . (SAMSO.  El  Seaundo,  Calif,), 
and  PlKE„C.P. 

The  I)MSP  Auroral-Ionospheric  Interpretation  Guide: 
Introduction 

I)ef.  Met.  Satellite  Program  Auroral- lono.  Interpretation 
Guide,  AFCRL-TR-75-0191  (4  April  1975) 


BaKSIII,  P.  (Boston  Coll.,  Chestnut  Hill,  Mass.),  and 

Barron,  w. 

Spectral  Correlations  Between  Solar  Flare  Radio  Bursts 
and  .Associated  Proton  Fluxes,  I 
AFCRL-TR-74-0508  (October  1974) 

Spectral  Correlations  Between  Solar  Flare  Radio 
Bursts  and  Associated  Proton  Fluxes,  II 
A FCRL-TR-7  5-05  79  (July  1975) 

BASU,  S.,  BASU,  S.  (Emmanuel  Coll.,  Boston,  Mass.), 
and  KilAN,  B.  K.  (Inst,  of  Rad.  Phys.  and  Elect.,  Univ. 
of  Calcutta,  India) 

Model  of  Equatorial  r mtiUations  f~om  In  Situ  Measure - 
ments 

A FG Is T R- 76-0080  (13  April  1976) 


Castelli.  I . PM  Barron,  \V.  R.,and  Aarons, 

j- 

An  Atlas  of  Quiet  Sun  Radio  Frequency  Measurements 
Made  at  the  Sagamore  Hill  Solar  Radio  Observatory, 
1966-1974 

AFCRL-TR-75-0132  (10  March  1975) 
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Cormier,  R.J.,and  Dieter, K.  (Boston coil.. 

Chestnut  Hill,  Mass.) 

Automatic  Processing  of  Digital  lonograms 
AFCRL-TR-74-0502  (7  October  1974) 

Dandekar,  B.  S. 

Improving  the  Global  Ionospheric  Predictions  of  /qF 2 
AFGL'TR- 76-0 124  (10  June  1976) 

Edwards,  W.  R.,Jr  .,  Maj.,  Rush,  C.M., and 
Miller,  D.  M.  (Arcon  Corp.,  Wakefield,  Mass.) 
Studies  on  the  Development  of  an  Automated  Objective 
Ionospheric  Mapping  Technique 
AFCRL-TR-75-0124  (5  March  1975) 

Elkins,  T.J. 

An  Analysis  of  Polar  Cap  Backscatter  Radar  Data 
AFCRI.TR-74-0457  (16  September  1974) 

Gaunt,  D.  N. 

Improvement  in  Short  Wave  Fade  Detection 
AFCRL-TR-75-3262  (8  May  1975) 

K.LOBUCHAR.J  . A. 

A First-Order,  Worldwide,  Ionospheric  Time-Delay 
.Algorithm 

AFCRL-TR-75-0502  (25  September  1975) 
K.LOBUCHAR.J  . A.,  and  ALLEN,  R.S. 

Maximum  Ionospheric  Range  Errors  for  Air  Defense 
Command  Radars 

AFGL-TR-76-0042  (2  March  1976) 

KOSSEY,  P.  A„  and  LEWIS,  E.  A., 

Detection  and  Classification  of  Solar  X-Ray  Flares 
Using  VLF  Phase  and  A mplitude  Information 
AFCRL-TR-74-0468  (20  September  1974) 


Lewis,  E.  A., and  Kossey, P.  A. 

POWF.RFLUX  I:  A Method  of  Estimating  Wave 
Intensities  at  Large  Distances  from  Ground-Based 
Low  Frequency  Transmitters 
AFCRL-TR-75-0338  (16Junel975) 

Mendillo,  M„  Hawkins,  G.  S and 
Klobuchar.J.  A. 

An  Ionospheric  Total  Electron  Content  Disturbance 
Associated  with  the  Launch  of  NASA 's  Sky  lab 
AFCRL-TR-74-0342  (29  July  1974) 

PFISTER,  W„  and  SALES.  G. 

Pulse  Sounding  with  Closely  Spaced  Receivers  as  a 


Tool  for  Measuring  Atmospheric  Motions  and  Fine 
Structure  in  the  Ionosphere.  VIII.  Application  to  Air 
craft  Signals 

AFCRL-TR-75-019S  (7  April  1975) 

Pike,  C.P. 

An  Analytical  Model  of  the  Main  F-Layer  Trough 
A FG L-T R- 7 6-0098  (4  May  1976) 

Editor 

Defense  Meteorological  Satellite  Program  Auroral- 
Ionospheric  Interpretation  Guide 

AFCRL-TR- 7 5-0191  (4  April  1975) 

Auroral-Ionospheric  Variability 

Def.  Met.  Satellite  Program  Auroral-Iono.  Interpretation 
Guide,  AFCRL-TR-75-0191  (4  April  1975) 

Pike, C.P. .Wagner,  R.  A., and  Akasofu, 

S.  -I . (Geophys.  Inst.,  Univ.  of  Alaska) 

An  Ionospheric  Substorm  Model 
Def.  Met.  Satellite  Program  Auroral- lono.  Interpreta- 
tion Guide,  AFCRL-TR-75-0191  (4  April  1975) 


Prasad,  B.,Guidice,  D.  A., and  Castelli, 

J-p. 

Temporary  Decrease  in  the  Normal  Solar  Radio  In- 
tensity Level  and  Its  Association  with  an  Impulsive 
Hurst 

AFCRL-TR- 7 5-0331  (13  June  1975) 


Rasmussen,  J.  E.,  Lewis,  E.  A.,  Kossey, 

P.  A.,  and  Dos  Santos,  R.,  a\L\j.,  BAF  De 

F REITAS,  C.,  Maj.,  BAP  (Centro  Tccnico  Aero- 
spacial,  Sao  Jose  dos  Campos,  S.  P.,  Brazil),  KAHLER, 
R.  C.,  KLEMETTE,  W.  1.  (Barkley  and  Dexter  Labs., 
Fitchburg,  Mass.) 

Low  Frequency  Wave-Reflection  Properties  of  the 
Equatorial  Ionosphere 
AFCRL-TR-75-0615  (3  December  1975) 

Rasmussen,  I . E.,Mc  Lain,  R.J  .,Capt„ 
and  Turtle, j .P. 

Vl.F ILF  Reflectivity  of  the  Polar  Ionosphere 
19  January  - 2 March  1975 
AFCRL-TR-76-0045  (22  January  1976) 


Silverman,  S.  M.,  and  Mullen,  F..  G. 

Sky  Brightness  During  Eclipses:  A Compendium  from 
the  Literature 

AFCRL-TR- 74-0363  (5  August  1974) 

Slack,  F.J. 

A TS-6  40-  and  360-MHz  Differential  Phase  Measure- 
ments 

AFGL-TR-76-01 19  (2  June  1976) 


Whitney,  H.  E. 

Ionospheric  Scintillation  Effect s on  VHF-UHF  Com- 
munication Systems 
AFGL-TR-76-0097  (3  May  1976) 

Wong,  M.S. 

Ray-Tracing  Simulation  of  Swept-Frequency  Back- 
scatter  lonograms 

AFCRL-TR-74-0539  (25  October  1974) 

Iterative  Ray-Tracing  Simulation  of  Minimum  Group- 
Path  Traces  in  Swept-Frequency  Backscatter  lono- 
grams 

AFCRL-TR-75-0241  (2  May  1975) 
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ALTROCK,  R.  C.,  and  CANFIELD,  R.  C. 

A nalysis  of  the  Solar  Mg  I Spectru  m 
The  Astrophys.  J.,  Vol.  194  (1974) 

ALTROCK,  R.  C.,  and  CANNON,  C.  J . (Inititut 
d'Astrophysique,  Paris,  Fr.) 

The  Formation  of  Mgl  4571  A in  the  Solar  A tmosphere 
V.  The  Multi-Dimensional  Structure  of  the  Photosphere 
and  Low  Chromosphere 
Solar  Phyt.,  Vol.  42  (1975) 

ALTROCK,  R.  C.,  and  MUSMAN,  S. 

Physical  Conditions  in  Granulation 
The  Astrophys.  J.,  Vol.  203  (1976) 


Beckers,  J.M. 

The  Next  Decade  in  Observational  Solar  Research 
Highlights  of  Astron.  (1974) 

The  Maximum  Polarization  for  Resonance  Scattering 
Solar  Phys.,  Vol.  37  (August  1974) 

A Search  for  Deuterium  on  the  Sun 
The  Astrophys.  J.,  Vol.  195  (1975) 

The  Compression  of  Data  Resulting  from  Photon 
Counters 

Space  Sci.  Instmn.,  Vol.  1 (1975) 

The  Flux  of  A If  ven  Waves  in  Sunspots 
The  Astrophys.  J.,  VoL  203  (1976) 


Beckers,  J . M„  and  Artzner,  G.  (Lab.  de 

Phys.  Stellaire  et  Planetaire,  CNRS,  Fr.) 

High  Resolution  Spectroscopy  of  the  Disk  Chromo- 
sphere HI.  Upward  Moving  Disturbances  as  Observed 
in  the  Ca  II  K-Line  Wings 
Solar  Phys.,  Vol.  37  (August  1974) 


Beckers,  J . M.,  Dickson,  L.,  and  Joyce,  R.  S. 

Observing  the  Sun  with  A Fully  Tunable  Lyot-Ohman 
Filter 

Appl.  Opt.,  Vol.  14,  No.  9 (September  1975) 


Beckers,  I . M.,  Dickson,  L.,and  Woodman, 

D. 

Cinematography  of  Solar  Intensity,  Velocity,  and  Mag- 
netic Fields 

Opt.  Engrg.,  Vol.  14,  No.  1 (January-Fcbruary  1975) 

Beckers, J.M., and  Engvold.O. 

A Comparison  of  Spicules  in  the  H and  He  II  (304  X) 
Lines 

Solar  Phys.,  Vol.  40  (1975) 

BECKERS,  J ,M.  ,and  MlLKEY,  R.W.  (Kin  Peak 
Natl.  Obsv.,  Tucson,  Ariz.) 

The  Line  Response  Function  of  Stellar  Atmospheres 
and  the  Effective  Depth  of  Line  Formation 
Solar  Phys.,  Vol.  43  (1975) 

Canfield,  R.C. 

A Simplified  Method  for  Calculation  of  Radiative 
Energy  Loss  Due  to  Spectral  Lines 
The  Astrophys.  J.,  Vol.  194  (1974) 


Dunn,  R.  B.,and  ZlRKER,  J . B.  (Univ.  of  Haw.), 
Beckers,  J.M. 

Properties  of  the  Solar  Filigree  Structure 
Chromospheric  Fine  Structure  — 1AU,  R.  Grant  Athay, 
Ed.  (1974) 

Fisher.  R.,and  Musman,  S. 

Detection  of  Coronal  Holes  from  A 5303  Fe  XIV  Obser 
vat  ions 

The  Astrophys.  J.,  Vol.  195,  No.  S,  Pt.  1 (1975) 

JOCKERS,  K.,  and  ENGVOLD,  O.  (Univ.  of  Oslo, 
Norway) 

Prominence  Eruption  Accompanied  by  Twist  Re-Ad- 
justment 

Solar  Phys.,  Vol.  44  (1975) 

Rust,  D.  M. 

Observations  of  Flare-Associated  Magnetic  Field  Changes 
High  Alt.  Obsv.  Proc.,  Flare-Related  Mag.  Fid.  Dyn., 
Boulder,  Colo.  (December  1974),  D.  M.  Rust,  Co-Ed. 
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Inference  of  the  Hard  X-Ray  Source  Dimensions  in  the 
August  7.  1973  White  Light  Flare 
Proc.  of  IAU  Symp.  No.  68,  Solar  Gamma  X and  EUV 
Kadn.,  D . Rridel  Pub.  Co.  (October  1975) 

Rust.  I).  M.,  and  Bridges.  C.  A.,  ID 

The  Work  of  the  Diode  Array : He  10830  Observations 
of  Spicules  and  Subflares 
Solar  Phys.,  Vol.  45  (1975) 

Rust,  I).  M., Canfield,  R.C.,ami  Priest, 

K.  R.  (Hitch  Alt.  Objv.,  NCAR,  Boulder,  Colo.) 

A Model  for  the  Solar  Flare 

High  Alt.  Obsv.  Proc.,  Flare-Related  Mag.  Fid.  Dyn., 
Boulder,  Colo.  (December  1974),  D.  M.  Rust,  Co-Ed. 

Rust,  1).  M.,»nd  Hegwer,  F.  (High  ah.  ob,v„ 

NCAR,  Boulder,  Colo.) 

Analysis  of  the  August  7,  1972  White  Light  Flare:  Light 
Cun>es  and  Correlation  with  Hard  X-Rays 
Solar  Phys.,  Vol.  40  (1975) 

Rust,  I).  M„  and  Machado,  M.  P^. 

Analysis  of  the  August  7,  1972  White  Light  Flare: 

Its  Spectrum  and  Vertical  Structure 
Solar  Phys.,  Vol.  58  (1974) 


Rust,  D.  M„  and  NaKAGAWA,  Y.  (High  Alt.  Obsv., 
NCAR.  Boulder,  Colo.),  NEUPERT,  W.  M.  (NASA 
Goddard  Space  Fit.  Ctr..  Greenbelt,  Md.) 

EUV  Emission,  Filament  Activation  and  Magnetic 
Fields  in  a Slow  Rise  Flare 
Solar  Phy*.,  Vol.  41  (April  1975) 

Rust,  D.  M„  and  Neufert,  W.  M.  (nasa 

Goddard  Space  Might  Ctr.,  Greenbelt,  Md.), 
NAKAGAWA.  Y.  (High  AH.  Ob,v„  NCAR.  Boulder, 
Colo. ) 

Evidence  for  Energy  Transport  in  Magnetically  Confined 
Coronal  Enhancements  Above  Active  Regions 
High  Alt.  Obsv.  Proc.,  Flare  Related  Mag.  Fid.  Dyn., 
Boulder,  Colo.  (December  1974),  D.  M Rust,  Co-Ed. 

Simon,  G.W.,  Alt  rock,  R.C.,  November, 

I-.J Worden,  S . P and  Milkey,  R.  W.  (Kitt 

Peak  Natl.  Obsv.,  Tucson,  Aria.) 

Heights  of  Formation  of  Non-Magnetic  Solar  Lines 

Suitable  for  Velocity  Studies 

(Res.  Note)  Solar  Phys.,  Vol.  43  (1975) 

Simon,  G.  W„  Seagravf.s.  P . H„  and  Tousey, 
R.,  PURCELL,  I . I).  (U.  S.  Naval  Rei.  Ijb.,  Wa«h„ 

D.  C.),  NOYES,  R.  W.  (Ctr.  for  Aitrnphy,.,  (jmbridgr, 

Mass.) 

Observed  Heights  of  EUV  Lines  Formed  in  the  Transi- 
tion Zone  and  Corona.  It.  NRL  Rocket  Observations 
Solar  Phys.,  Vol.  39  (1974) 


Tsubaki.T. 

Line  Profile  Analysis  of  a Coronal  Formation  Observed 
Near  a Quiescent  Prominence:  Intensities.  Temperatures 
and  Velocity  Fields 
Solar  Phys.,  Vol.  43  (1975) 

TSUBAKl,  T„  and  P^NGVOLD,  O.  (Univ.  of  Oslo, 
Norway) 

An  Analytical  Representation  for  Photographic 
Characteristic  Curves 

AAS  Photo  Bull.,  Issue  No.  9,  No.  2 (1975) 


Wagner,  W.J. 

Solar  Rotation  as  Marked  by  EUV  Coronal  Holes 
Astrophys.  J.  Ltrs.,  Vol.  198  (15  June  1975) 


Wagner,  W.  J I Ieasley.J  . N and 

TaNDBERG-IIANSSEN  (High  AH.  Ob,v„  NCAR, 
Boulder,  Colo.) 

Study  of  He  / Emission  Lines  in  the  Solar  Atmosphere 
III.  The  Triplet-Singlet  Line  Intensity  Ratios  m Solar 
Prominences 

Astron.  and  Astrophys.,  Vol.  40  (1975) 

Worden,  S.  P. 

The  Limitations  of  Astronomical  Image  Reconstruc- 
tion 

The  Obsv.  (15  December  1975) 

Digital  A nalysis  of  Speckle  Photographs:  The  A ngular 
Diameter  of  Arc  turus 

Pubs,  of  Astronom.  Soc.  of  the  Pacific,  Vol.  88  (1976) 
Astronomical  Image  Reconstruction 
Vistas  in  Astron.,  Vol.  20  (1976) 


PAPERS  PRESENTED  AT  MEETINGS 
JULY  1974  - JUNE  1976 

Altrock,  R.C. 

Physical  Condition*  in  Granulation 

Solar  Phys.  Div.  Mtg.,  Am.  Astronom.  Soc.,  Univ.  of 

Colo.,  Boulder,  Colo.  (20-22  January  1975) 

Research  at  Sacramento  Peak  Observatory 
Neighborhood  Astron.  Mtg.,  Lubbock,  Tex.  (12  July 
1975) 

Horizontal  Temperature  Fluctuations  in  the  Low  Solar 
Photosphere 

146th  Mtg.  of  Am.  Astronom.  Soc.,  San  Diego  State 
Univ.,  San  Diego,  Calif.  (17-20  August  1975) 

Solar  Photospheric  Velocity  Fields 

Inti.  Colloquium  on  Phys.  of  Motions  in  Stellar  Atm., 

Nice,  Fr.  (1-5  September  1975) 

Convective  Flux  in  the  Visible  Photosphere 
148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (21-24  June  1976) 
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ALTROCK,  R . C.,  and  CANNON,  C.J  . (Univ.  of 
Sydney,  Aust.) 

The  Multi-Dimensional  Structure  of  the  Photosphere 
and  Low  Chromosphere  of  the  Sun 
144th  Mtg.  of  Am.  Astronom.  Soc.,  Gainesville,  Fla. 
(1013  December  1974) 

Beckers,  J.M. 

Is  the  Solar  Filigree  the  Site  of  Strong  Photospheric 
Magnetic  Fields ? 

Solar  Phys.  Div.  Mtg.,  Am.  Astronom.  Soc.,  Univ.  of 
Colo.,  Boulder,  Colo.  (20-22  January  1975) 

The  Flux  of  Alfven  Waves  in  Sunspots 
146th  Mtg.  of  Am.  Astronom.  Soc.,  San  Diego  State 
Univ.,  San  Diego,  Calif.  (17-20  August  1975) 
Spatially  Resolved  Motions  in  the  Solar  Atmosphere 
Inti.  Colloq.  on  Phys.  of  Motions  in  Stellar  Atm., 
Nice,  Fr.  (1-5  September  1975) 

Magnetic  Fields  in  the  Solar  Atmosphere 

Inti.  Symp.  on  Solar  Terrestrial  Phys.,  Boulder,  Colo. 

(8-18  June  1976) 

Solar  Rotation  and  Gravitational  Red  Shift  as 
Determined  from  Sunspot  Spectra 
148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (21-24  June  1976) 


JOCKERS,  K. 

Reconnection,  Caused  by  Nonexistence  of  Force-Free 

Equilibria,  as  a Mechanism  for  Solar  Flares 

Solar  Flare  Build-Up  Study,  Falmouth,  Cape  Cod, 

Mass.  (8-11  September  1975) 

J OCKERS,  K„  and  ENCVOLD,  Q 

Spectral  and  Slitjaw  Obsen>ations  of  an  Eruptive  and 

Untwisting  Filament 

Solar  Phys.  Div.  Mtg.  of  Am.  Astronom.  Soc.,  Univ.  of 
Colo.,  Boulder,  Colo.  (20-22  January  1975) 

JOCKERS.  K., and  ROOSEN,  R.G.  (NASA/Goddard 
Space  Flight  Ctr.,  N.M.  Station),  CRUIKSHANK,  I).  P. 
(Inst,  for  Astron.,  Univ.  of  Haw.) 

A Kinematographic  Study  of  the  Tail  of  Comet 
Kohoutck  (1973f) 

Inti.  Astronom.  Union  Comsn.  15,  Study  of  Comets, 
NASA  Goddard  Space  Fit.  Ctr.,  Grecnbelt,  Md.  (28 
October  - 1 November  1974) 

Keil.S.  L. 

Photospheric  Inhomogeneities:  Continuum  Fluctuations 
148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (21-24  June  1976) 


Bridges,  C.  A.,  and  Rust,  1).  M.  (Am.  sd.  & 

Engrg.,  Inc.,  Cambridge  Mass.) 

The  Work  of  the  Diode  Array 

Solar  Phys.  Div.,  Am.  Astronom.  Soc.,  Univ.  of  Colo., 
Boulder.  Colo.  (20-22  January  1975) 

Canfield,  R.  C. 

Observational  Evidence  for  Unresolved  Motions  in  the 
Solar  A tmosphere 

Inti.  Colloq.  on  Phys.  of  Motions  in  Stellar  Atm.,  Nice, 
Fr.  (1-5  September  1975) 

Fisher,  R.  R.,  and  Canfield,  R.  C. 

Evidence  for  Magnetic  Field  Reconnection  in  the  Flare 
Process.  Diode  Array  Observations  of  the  18:28  U.T. 
Flare,  10  August  1975 

148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (21-24  June  1976) 


Fisher,  R.  R., Musman,  S.,  and  Seagraves, 

P. 

Coronal  Density  Distributions  from  FeXIV  X.5J03  Data 
Solar  Phys.  Div.  Mtg.,  Am.  Astronom.  Soc.,  Univ.  of 
Colo.,  Boulder,  Colo.  (20-22  January  1975) 


Musman,  S. 

Observations  of  Solar  Convection 

Fluid  Mech.  Div.  Mtg.  of  Am.  Phys.  Soc.,  Pasadena, 

Calif.  (25-27  November  1974) 

Observations  of  Velocity  and  Intensity  Fluctuations  in 
Solar  Granulation 

Solar  Phys.  Div.  Mtg.  of  Am.  Astronom.  Soc.,  Univ.  of 
Colo.,  Boulder,  Colo.  (20-22  January  1975) 


Musman.  S.,  and  Nye,  A.  H. 

Clobal  Solar  Oscillations 

148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford.  Pa.  (21-24  June  1976) 

Musman,  S., Nye,  A.  I L,  and  Thomas,  J . H„ 

(Univ.  of  Rochester,  N.  Y.) 

Observations  of  Pcnumbral  Waves  in  the  Photosphere 
148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (22-25  June  1976) 


Rust,  1).  M. 

Observations  of  Magnetic  Field  Changes  with  Flares 
Symp.  on  Flare  Related  Mag.  Field  Dyn.,  Boulder, 
Colo.  (23-25  September  1974) 


GOE,  G.,  and  KOUTCHMY,  S. 

Observed  Large  Scale  Solar  Intensity  Fluctuations 
Attributed  to  Terrestrial  A tmospheric  Acoustic- 
Gravity  Waves 

Inti.  Symp.  on  Solar  Terrestrial  Phys.  Boulder,  Colo. 
(8  18  June  1976) 


Rust,  D.  M,  Canfield, R.  C„  and  Priest, 

E.  R.  (High  Alt.  Obsv.,  NCAR,  Boulder,  Colo.) 

«4  Model  for  the  Solar  Flare 

Symp.  on  Flare  Related  Mag.  Field  Dyn.,  Boulder, 

Colo.  (23-25  September  1974) 
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Simon,  G.  W.,  Dunn,  R.  B.,and  La  Bonte, 

B.J.  (Calif.  Inst,  of  Technol.,  Pasadena,  Calif.) 

.*1  Phenomenological  Study  oj  High- Re  solution 
Granulation  Photographs 

Solar  Phys.  Div.  Mtg.  of  Am.  Astronom.  Soc.,  Univ.  of 
Colo.,  Boulder,  Colo.  (20-22  January  1975) 

Simon,  G.  VV„  and  Worden,  S.  P. 

Motions  and  Flux  Dispersal  in  Supergranules 
Inti.  Astronom.  Union  Symp.  No.  7 1 on  Basic  Mechan- 
isms of  Solar  Activity,  Prague,  Czech.  (23-30  August 
1975) 

Velocities  Observed  in  Supergranules 

Inti.  Colloq.  on  Phys.  of  Motions  in  Stellar  Atm., 

Nice,  Fr.  (1-5  September  1975) 

STENCL,  R.  E.  (Univ.  of  Mich.  Obsv.,  Ann  Arbor, 
Mich.),  and  CANFIELD,  R.  C. 

Stellar  Emission  Lines  in  the  Wings  of  Calcium  H and 
K 

148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (21-24  June  1976) 


Tsubaki.T. 

Spcctrophotometric  Study  of  a Coronal  Formation 
Observed  Around  a Prominence  on  23  March  1974 
Solar  Phys.  Div.  Mtg.  of  Am.  Astronom.  Soc.,  Univ.  of 
Colo.,  Boulder,  Colo.  (20-22  January  1975) 

Coronal  Velocity  Fields  Derived  from  Line  Profile 
Analysis  of  F e X IV  \5303 

1 46th  Mtg.  of  Am.  Astronom.  Soc.,  San  Diego  State 
Univ.,  San  Diego,  Calif.  (17-20  August  1975) 


Wagner,  W.J. 

The  Rigid  Rotation  of  Coronal  Holes 

146th  Mtg.  of  Am.  Astronom.  Soc.,  Sar.  Diego  State 

Univ.,  San  Diego,  Calif.  (17-20  August  1975) 

Rotational  Characteristics  of  Coronal  Holes 

Inti.  Astronom.  Union  Symp.  No.  7 1 on  Basic  Meehan 

isms  of  Solar  Activity,  Prague,  Czech.  (23-30  August 

1975) 


Worden,  S.  P. 

On  the  Origin  of  2^  40m  Global  Solar  Oscillations 
148th  Mtg.  of  Am.  Astronom.  Soc.,  Haverford  Coll., 
Haverford,  Pa.  (21-24  June  1976) 


Worden,  S.  P.,  and  Coleman,  G.  D. 

Mass  Loss  from  Stellar  Flares 

146th  Mtg.  of  Am.  Astronom.  Soc.,  San  Diego  State 
Univ.,  San  Diego,  Calif.  (17-20  August  1975) 


Flare  Stars  and  Galactic  Winds 

147th  Mtg.  of  Am.  Astronom.  Soc.,  Chicago,  III. 

(7-10  December  1975) 

Worden.  S.  P.,  and  I Iarve  y,  J . W.,  Lynds, 

C.  R.  (Kitt  Peak  Natl.  Obsv.,  Tucson,  Ariz.) 
Reconstructed  Images  of  Alpha  Orionis  Using  Stellar 
Speckle  Interferometry 

Opt.  Soc.  of  Am.,  Topical  Mtg.  on  Speckle  Phenom.  in 
Opt.,  Microwaves,  and  Acoust.,  Asilomar,  Calif.  (24- 
26  February  1976). 

Worden  , S.  P.,  Simon,  G.  Wm  and  .November. 

L.  J . (JILA,  Univ.  of  Colo.) 

The  Character  of  300-Second  Oscillators 

146th  Mtg.  of  Am.  Astronom.  Soc.,  San  Diego  State 

Univ.,  San  Diego,  Calif.  (17-20  August  1975) 


TECHNICAL  REPORTS 
JULY  1974  - JUNE  1976 


Beckers,  J.M 

Hew  Views  of  Sunspots 
A FCRL-TR-  75-0089  (10  February  1975) 
Magnetic  Fields  in  the  Solar  Atmosphere 
AFGL-TR-76-0131  (22Junc  1976) 


Beckers.  ] . M,  Bridges,  C.  A.,  and  Gilliam, 
L.B. 

A High  Resolution  Spectral  Atlas  of  the  Solar  Irradiance 
from  380  to  700  Nanometers.  Volume  /:  Tabular  Form 
AFGL-TR-76-0 126(1)  (16  June  1976) 

A High  Resolution  Spectral  Atlas  of  the  Solar  Irradi- 
ance from  380  to  700  Nanometers.  Volume  II:  Graphi- 
cal Form 

AFGL-TR-76-01 26  (II)  (16  June  1976) 


Beckers,  J.M,  Dickson,  L,  and  Joyce.  R.S. 

A Fully  Tunable  Lyot-Ohman  Filter 
AFCRL-TR-76-0090  (10  February  1975) 


Demastus,  H.  I* 

A Tuenty-Year  .Vummory  of  Sacramento  Peak  Weather  - 
August  1954  Through  July  1974 
AFGL-TR  76-0096  (3  May  1976) 

Wordf.n,  S.  P„  1st  lt. 

Astronomical  Image  Reconstruction 
AFCRL-TR  75-0630  (12  December  1975) 


A Data  terminal  in  the  Modular  Automated 
Weather  System.  The  keyboard  can  he  used  to 
call  up  any  of  the  four  pages  of  data  normally 
displayed  by  the  system,  or  change  the  instruc- 
tions given  to  the  system. 


V METEOROLOGY  DIVISION 


In  the  years  since  World  War  II,  many 
people  have  used  the  term  “all-weather’’ 
to  characterize  the  Air  Force  of  the  fu- 
ture. In  the  three  decades  since  that  war, 
scientists  and  engineers  have  made  im- 
portant advances  in  their  attempts  to 
develop  Air  Force  systems  in  the  opera- 
tion of  which  weather  would  not  be  a 
limiting  factor.  But  the  goal  of  an  all- 
weather  Air  Force  has  not  yet  been 
reached.  Nor  is  it  likely  that  it  will  be 
reached  within  the  next  few  years.  So  it 
remains  for  other  scientists  and  engineers 
to  develop  a greater  understanding  of 
meteorological  phenomena  and  to  de- 
velop better  techniques  of  measuring, 
processing,  and  displaying  critical  weath- 
er elements,  forecasting  their  occurrence 
and  severity  and,  in  some  cases,  even 
modifying  them. 

While  these  people  have  made  impor 
tant  contributions  in  these  technical 
areas.  Air  Force  system  concepts  have 
continually  become  more  and  more  so- 
phisticated. Systems  whose  development 
seemed  far  in  the  future  in  the  1940’s 
will  become  operational  by  the  1980’s. 
However,  increases  in  sophistication  very 
often  mean  new  meteorological  con- 
straints and,  therefore,  new  technical 
problems  to  be  solved  by  atmospheric 
physicists  and  chemists,  meteorologists, 
mathematicians,  computer  specialists, 
engineers,  and  technicians.  Consequent- 
ly, there  is  a continuing  need  for  a strong 
Air  Force  program  in  research  and  de- 
velopment. The  major  responsibility  for 
this  program  rests  with  AFGL’s  Meteor- 
ology Division. 


1 14 


During  the  period  covered  by  this  re- 
port the  program  of  the  Meteorology  Di- 
vision included  the  following  principal 
efforts:  the  development  of  methods  of 
observing  and  forecasting  airfield  wea- 
ther, the  modeling  of  atmospheric  circula- 
tions, the  application  of  data  from 
meteorological  satellites  to  analysis  and 
forecasting,  the  development  of  tech- 
niques for  the  processing  and  display  of 
weather  radar  data,  and  the  development 
and  application  of  climatological  tech- 
niques for  utilization  in  the  design  of  Air 
Force  systems.  The  program  has  also 
included  the  development  and  testing  of 
techniques  of  warm  fog  dissipation, 
methods  of  identifying  the  microphysi- 
cal characteristics  of  cloud  and  precipi- 
tation particles  during  hypersonic  reen- 
try of  ballistic  missiles  through  the  at- 
mosphere, and  techniques  for  decreasing 
the  detectability  of  aircraft  through  the 
use  of  dispensed  aerosols. 

This  report  contains  brief  descriptions 
of  meteorological  instrumentation  and 
related  equipment.  Some  of  the  items 
arc  for  direct  use  in  in-house  research 
programs  whereas  other  items  arc  pri- 
marily for  eventual  use  by  the  Air 
Weather  Service.  Development  and  test- 
ing of  the  equipment  has  been  per- 
formed not  only  at  Hanscom  AFB  but  at 
two  field  sites:  the  Weather  Radar  Facil- 
ity at  Sudbury,  Massachusetts,  and  the 
Weather  Test  Facility  at  Otis  AFB, 
Massachusetts.  The  airborne  equipment 
has  been  tested  on  a leased  aircraft  as 
well  as  two  C-130  aircraft. 

The  success  of  the  various  programs 
has  been  due,  in  large  measure,  to  the 
fine  support  received  from  other  com- 
ponents of  the  Air  Force,  other  Depart- 
ment of  Defense  agencies,  the  National 
Oceanic  and  Atmospheric  Administra- 
tion, and  the  National  Aeronautics  and 
Space  Administration. 


OBSERVING  AND  FORECASTING 
AIRFIELD  WEATHER 

For  economy  and  operational  effective- 
ness, the  development  of  automated 
techniques  to  replace  costly  human 
methods  of  local  weather  observation  is 
being  emphasized.  As  part  of  a continu- 
ing program  of  aviation  terminal  weather 
research,  the  Meteorology  Division  has 
undertaken  the  development  of  a Modu- 
lar Automated  Weather  System  (MAWS). 
The  program  has  progressed  rapidly  dur- 
ing 1975-1976,  with  installation  of  an 
experimental  model  of  MAWS  at  Scott 
AFB.  Illinois,  scheduled  for  late  fall  of 
1976.  The  objective  of  the  field  demon- 
stration is  to  explore  in  more  detail  the 
utility  of  MAWS  for  direct  support  of 
fixed-base  military  operations.  The  mod- 
ular design  of  MAWS  offers  many  op- 
tions in  the  selection  of  system  com- 
ponents. Sensors  and  processing  and  dis- 
play units  may  be  added  or  substituted 
as  necessary  to  satisfy  specific  local  base 
requirements.  The  demonstration  model 
employs  off-the-shelf  commercial  sensors 
as  well  as  automated  versions  of  in-place 
inventory  instruments  such  as  the  rotat- 
ing beam  ccilometer  and  transmissom- 
cter. 

In  addition,  the  initial  components  of 
MAWS  serve  as  a baseline  for  the  evalua- 
tion of  new  candidate  sensors  for  auto- 
mated observing  systems,  Intcr-compar- 
ison  tests  of  new  instruments  and  observ- 
ing techniques  arc  being  carried  out  at 
Hanscom  AFB  and  the  AFGL  Weather 
l est  Facility  established  at  Otis  AFB,  Mas- 
sachusetts. Instruments  and  techniques 
under  development  and  evaluation  in- 
clude laser  systems  for  the  measurement 
of  ceiling,  slant  visual  range,  and  runway 
visual  range  as  well  as  techniques  for  ob- 
serving sky  cover  and  obstructions  to 
vision. 

MAWS  Demonstration  Model:  The 

versatility  of  MAWS  results  from  the  use 
of  solid-state  microprocessor  compo- 
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nents.  Remote  and  supervisory  data  sets 
composed  of  central  processing  units, 
read-write  and  programmable  memory- 
plus  suitable  control  logic  are  easily 
adaptable  to  aviation  weather  input/out- 
put requirements.  The  microprocessors 
can  be  programmed  to  interface  with  a 
wide  variety  of  sensing  elements  each 
having  different  raw  data  conversion 
and  sampling  rate  requirements,  and 
measuring  in  different  ranges.  Many  dif- 
ferent kinds  of  output  devices  can  also 
be  used  so  that  the  configuration  of  the 
system  car.  be  individualized  by'  custom- 
written  software  packages  to  satisfy 
specific  local  requirements  at  each  opera- 
tional location. 

In  addition  to  its  ability  to  accept  a 
variety  of  sensors  and  peripherals,  the 
MAWS  will  have  several  features  which 
greatly  extend  its  reliability  in  a remote 
environment.  Built-in  redundancy  is 
planned  for  the  system.  Stand-by  mod- 
ules within  the  system  will  periodically 
test  the  working  hardware.  If  the  hard- 
ware is  not  performing  within  certain 
limits,  the  stand-by  hardware  will  take 
over  the  operation  and  set  a flag,  thereby- 
alerting  the  technician  to  a failure.  The 
software  will  contain  routines  for  con- 
tinually editing  the  data  by  examining 
processed  variables  with  respect  to  pre- 
scribed limits  and  setting  an  error  flag 
when  suspicious  data  are  encountered, 
indicating  a faulty  sensor.  Finally,  short 
programs  residing  in  the  microprocessors 
perform  diagnostic  tests  of  the  entire 
system. 

Surface  Weather  Sensors:  Since  one  of 
the  experimental  objectives  is  to  help  de- 
termine the  basic  requirements  for  the 
number  and  spacing  of  airfield  observing 
sites  and  frequency  of  observations,  the 
array  of  weather  instruments  to  be  in- 
stalled as  part  of  the  MAWS  for  demon- 
stration at  Scott  AFB,  Illinois,  will  be 
more  extensive  than  any  system  antici- 
pated to  support  fixed  base  operations. 
At  each  observing  site  continuous  meas- 


urements will  be  made  of  wind  speed, 
wind  direction,  temperature,  dewpoint 
and  scatter  coefficient  (visibility).  Three 
observ  ing  sites  are  to  be  located  adjacent 
to  Runway  1 5/33,  and  will  be  collocated 
with  existing  weather  instruments  near 
the  end  points  and  the  mid-point  of  the 
runway.  In  addition,  observing  sites  are 
located  at  two  levels  (25  meters  and  50 
meters)  of  an  instrumented  tower  that  is 
offset  6 00  meters  from  the  touchdown 
point  of  Runway  15.  The  instruments  in 
the  demonstration  model  are  the  same 
type  as  those  used  successfully  in  the 
Hanscom  mesoscale  network  during  the 
past  few  years. 

Fully  automated  measurements  of 
cloud-base  height  arc  obtained  from  two 
AN/GMQ-13  Rotating  Beam  Ceilomcters 
(RBCs)  already  in  place  near  the  ap- 
proach zones  of  Runway  13/31.  By  far 
the  most  complex  interface  problems  en- 
countered thus  far  were  associated  with 
the  integration  of  the  RBC  with  MAWS. 
The  processing  system  successfully  estab- 
lishes a background  level  from  each  90- 
degree  scan  of  the  source  lamp,  filters 
out  spurious  and  unwanted  returns,  iden- 
tifies primary  and  secondary  peaks  rep- 
resentative of  cloud  structure,  and  anal- 
yzes the  sequence  of  data  over  the  past 


minute  to  yield  the  best  estimate  of 
cloud  base  height  over  the  observing  site. 
Determinations  will  be  made  both  from 
a single  RBC  and  from  a combination  of 
returns  from  the  two  RBC  instruments 
located  on  the  airfield.  The  vertical  reso- 
lution ot  cloud  base  height  corresponds 
to  an  elevation  scan  angle  resolution  of 
0.25  degree. 

During  the  course  of  the  field  demon- 
stration, the  output  of  additional  instru- 
ments in  the  Air  Weather  Service’s  inven- 
tory will  be  integrated  with  MAWS  out- 
put for  direct  field  intercomparison  of 
the  performance  characteristics  of  new 
and  conventional  instruments.  Inventory 
instruments  to  be  interfaced  with  the 
automated  system  include  the  AN/GMQ- 
20  wind  set,  the  AN/TMQ-11  tempera- 
turc/dewpoint  set,  and  the  AN/GMQ-1  I 
transmissometer. 

Recording  and  Display  Components: 

Many  devices  will  be  used  in  the  MAWS 
demonstration  model  for  real-time  dis- 
play and  storage  of  processed  weather 
observations  and  forecasts.  The  continu- 
ous flow  of  surface  weather  information 
will  be  archived  on  magnetic  tape  in  a 
form  suitable  for  convenient  recall  for 
climatological  use  or  for  technique  de- 
velopment. An  on-line  printer  provides 
hard-copy  output  of  current  weather 
data.  The  printer  can  be  programmed  to 
display  sequential  observations  from  se- 
lected sensor  combinations;  processed  in- 
formation, such  as  objective  forecasts;  or 
derived  quantities  in  support  of  “met- 
watch"  advisories  and  weather  warnings. 
The  printout  capability  will  be  used  dur- 
ing the  field  demonstration  to  monitor 
and  intercompare  measurements  from  in- 
struments of  different  type,  spacing,  and 
elevation. 

Fresh  observations,  updated  each  min- 
ute for  most  elements,  arc  displayed  in 
alphanumeric  form  on  the  primary  out- 
put device.  The  message  format  need  not 
be  the  same  for  all  display  units;  it  may 
be  adjusted  to  conform  to  the  real-time 


information  requirements  of  the  traffic 
control  center,  the  operations  center,  or 
the  staff  weather  office. 


Page  from  MAWS  Display 

Each  alphanumeric  display  unit  of  the 
demonstration  model  can  display  any 
one  of  the  four  pages  presently  available 
in  the  system.  The  information  on  the 
lirst  two  pages  is  updated  each  minute. 
It  includes  ceiling,  visibility,  tempera- 
ture, dewpoint,  and  altimeter  setting  at 
the  latest  observation  time,  and  the  ob- 
servations made  5,  10,  15,  and  30  min- 
utes previously.  Wind  direction,  wind 
speed,  and  peak  wind  gusts  at  the  sur- 
face and  at  25  and  50  meter  tower  levels 
are  also  shown.  The  display  also  gives  the 
latest  average  and  the  highest  and  lowest 
values  during  the  past  10  minutes  of  vis- 
ual range  for  Runway  13,  Runway  31, 
and  the  25  and  50  meter  tower  levels. 
Also  included  are  the  temperature  maxi- 
mum and  minimum  for  the  past  24 
hours  and  the  relative  humidity,  sea  level 
pressure,  and  one-hour  pressure  change, 
updated  each  hour. 

The  third  page  displays  automated 
forecasts  of  runway  visual  range  that  are 
updated  each  minute  as  new  observa- 
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tions  are  acquired  and  processed.  Based 
on  a conditional  probability  model  that 
was  developed  and  tested  for  the  Hans- 
com  mesoscale  forecasting  experiments, 
the  forecasts  give  the  probabilities  that 
the  visual  range  will  be  less  than  thresh- 
old values  of  800  meters  and  400  meters 
at  selected  times  up  to  three  hours.  Ex- 
perimental probability  forecasts  of  ceil- 
ing will  soon  be  added  to  MAWS;  they 
will  be  based  on  a model  similar  to  the 
one  developed  for  visual  range. 

The  latest  observations  of  special 
weather  elements  that  require  dissemina- 
tion as  alerts  or  warnings  when  critical 
values  are  expected  or  reached  are  dis- 
played on  the  fourth  page  of  the  display. 
For  the  Scott  AFB  demonstration,  these 
automated  “metwatch’  parameters  are 
runway  cross-wind  component,  wind 
chill  temperature,  and  wind  gust  spread. 

New  Instrument  Development  and 
Evaluation;  Surface  weather  instruments 
which  promise  improved  accuracy,  repre- 
sentativeness, and  reliability  at  reason- 
able operating  costs  are  still  sought.  Sev- 
eral observing  techniques  and  instru- 
ments having  good  potential  for  use  in 
fully  automated  systems  arc  under  devel- 
opment and  evaluation  at  the  Air  Force 
Geophysics  Laboratory.  For  rigorous 
evaluation  of  instrument  performance,  a 
Weather  Test  Facility  has  been  installed 
at  Otis  AFB,  Massachusetts,  which  is 
located  in  an  area  having  a relatively  high 
frequency  of  critically  low  ceiling  and 
visibility  conditions. 

Prominent  among  the  new  instru- 
ments which  will  be  extensively  evalu- 
ated during  the  coming  year  are  two 
lidar  systems  that  have  been  built  as  part 
of  the  AFGL  program  to  investigate  the 
usefulness  of  a lidar  for  determining  ceil- 
ing and  slant  visual  range  (SV'R). 

Lidar  Ceilometer;  The  transmitter  of 
the  lidar  ceilometer  is  an  erbium  doped 
glass  laser  which  has  an  output  power 
level  which  is  corrected  and  digitized  for 
processing.  Peak  detection  is  used  to 


determine  the  range  to  the  lowest  cloud 
layer  and  the  range  to  the  most  signifi- 
cant layer. 

Preliminary  tests  of  the  lidar  ceilom- 
eter are  being  carried  out  at  Hanscom 
AFB,  Massachusetts,  prior  to  installation 
at  the  Weather  Test  Facility.  In  initial 
tests  the  lidar  ceilometer  ranged  to  a 
cloud  layer  at  a height  of  5 km;  the  peak 
detection  technique  was  used  to  process 
the  signal  and  provided  excellent  results; 
and  the  acousto-optical  modulator  work- 
ed well  as  a Q-switch  at  the  erbium  wave- 
length. 

The  lidar  clearly  has  excellent  poten- 
tial for  automated  ceiling  measurements. 
In  addition,  it  can  provide  significant  in- 
put into  the  determination  of  sky  cover 
and  present  weather  conditions  because 
of  its  ranging  capability  and  the  informa- 
tion contained  in  its  atmospheric  r turn 
signal.  A rain/snow/fog  (RSF)  condition 
is  determined  from  the  frequency  con- 
tent and  the  amplitude  of  the  lidar  at- 
mospheric return.  If  the  atmospheric  re- 
turn contains  no  low  frequency  compon- 
ent, it  is  assumed  that  there  is  no  restric- 
tion. This  system  will  be  evaluated  in 
comparison  with  other  present  weather 
observing  techniques  at  the  Weather  Test 
Facility. 

Slant  Visual  Range  Lidar:  Also  under 
development  is  an  expei  jmental  lidar  sys- 
tem to  measure  slant  visual  range.  The 
system  is  housed  in  a mobile  van  and  can 
be  operated  from  its  own  generators  or 
from  local  power.  The  lidar  has  an  eye- 
safe  frequency-doubled  ruby  laser  and 
two  photomultiplier  (PM)  detectors.  The 
lidar  telescope  can  be  manually  oriented 
to  measure  at  any  angle  from  the  vertical 
to  the  horizontal.  The  Slant  Visual 
Range  lidar  is  undergoing  tests  at  Hans- 
com AFB  to  evaluate  the  design  concept. 
Llpon  successful  completion  of  these 
tests,  the  system  will  be  moved  to  Otis 
AFB  for  comparison  testing  with  tewer- 
niountcd  visibility  meters. 
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Forward  Scatter  Meter/Tower  System: 

Another  system  for  the  determination  of 
Slant  Visual  Range  is  also  under  evalua- 
tion at  Otis  AFB.  Measurements  with 
forward  scatter  visibility  meters  mount- 
ed on  a remote  tower  are  used  to  yield 
estimates  of  slant  visual  range  in  the  ap- 
proach zone.  The  efficacy  of  this  ap- 
proach depends  primarily  upon  the  de- 
gree of  correlation  between  the  vertical 
structure  of  atmospheric  extinction  co- 
efficient as  measured  at  the  tower  and 
the  effective  average  extinction  coeffi- 
cient along  the  actual  visual  path  of  the 
pilot  in  the  approach  zone. 

Experiments  have  been  undertaken  to 
explore  more  fully  the  horizontal  and 
vertical  variability  of  fog  structure  based 
upon  data  gathered  by  the  Weather  Test 
Facility.  Preliminary  results  of  the  fog 
variability  studies,  carried  out  exclu- 
sively during  advection  •fogs  at  Otis  AFB, 
lend  strong  support  to  the  scatter  meter/ 
tower  approach  to  slant  visual  range 
measurements. 

Digital  Radar:  In  forecasting  precipita- 
tion and  convective  storm  activity  using 
weather  radar  information,  the  forecaster 
determines  the  most  recent  motion  and 
development  of  precipitation  echo  pat- 
terns, and  predicts  the  future  echo  pat- 
tern and  intensity.  He  then  interprets  the 
predicted  intensity  in  terms  of  actual 
weather  conditions.  Real-time  forecast 
experiments  in  AFGL’s  project  in  meso- 
scale  forecasting  have  demonstrated  that 
the  procedure  is  very  hectic  when  storms 
are  developing  and  moving  rapidly. 
Therefore,  efforts  have  been  made  to 
simplify  the  forecast  procedure.  A series 
of  computer  routines  was  developed. 
These  routines  first  provide  the  speed 
and  direction  of  echo  pattern  motion 
from  the  most  recent  series  of  digital  ra- 
dar maps.  Next  the  computer  predicts 
the  minute-by-minute  radar  reflectivity 
expected  over  each  of  a list  of  locations. 
Studies  relating  radar  reflectivity  to  visi- 
bility, rainfall  rate  and  wind  gusts  arc 


then  used  in  converting  reflectivity  to 
lorecasts  of  weather  conditions.  Proba- 
bility forecasts  of  severe  weather  phe- 
nomena were  successfully  made  during 
feasibility  tests,  based  only  on  digital 
radar  information,  using  only  a few 
seconds  of  computer  time. 

While  the  radar  information  gathered 
over  the  past  three  years  has  not  yet 
been  completely  processed,  we  are  be- 
coming aware  of  certain  limitations  to 
radar  as  a forecast  tool.  I'he  uncertainty 
in  drop-size  distribution  associated  with 
any  given  echo  results  in  errors  of  40  to 
60  percent  in  specifying  visibility  and 
rainfall  rate.  In  shower  conditions,  when 
such  errors  are  small  compared  to  the 
uncertainty  of  what  lies  between  weath- 
er stations,  quantitative  radar  informa- 
tion is  very  useful.  With  winter  storms 
and  widespread  precipitation,  the  in- 
formation is  of  less  value. 


ATMOSPHERIC  MODELING 

The  atmosphere  is  a complex  fluid  sys- 
tem capable  of  sustaining  motions  on  a 
whole  spectrum  of  time  and  space  scales 
from  very  short,  rapidly  moving  sound 
waves  to  ultra-long,  quasi-stat  ionary 
planetary  scale  waves.  There  arc  impor- 
tant nonlinear  interactions  or  feedbacks 
among  many  of  these  differing  scale  sizes 
such  that  changes  on  one  scale  affect 
both  longer  and  shorter  scales  and,  in 
turn,  are  affected  by  them. 

Progress  in  understanding  such  a large 
and  complex  nonlinear  system,  and 
therefore  improved  predictability,  large- 
ly depends  on  our  ability  to  formulate 
valid,  but  much  simpler,  analogues 
(models)  of  the  complete  system.  Ideal- 
ly, such  models  should  take  into  account 
the  important  parameters  and  should  be 
amenable  to  controlled  experimentation. 
Mathematical  models  of  the  atmosphere, 
based  upon  the  laws  of  fluid  dynamics, 
meet  these  requirements  and  are  widely 
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used  in  atmospheric  prediction.  The 
mathematical  model  is  constructed  to  in- 
corporate the  most  relevant  physics  for 
the  problem  at  hand.  I'hc  numerical 
solution  is  designed  to  approximate  (and 
hopefully  converge  to)  the  unique  ana- 
lytic solution  of  the  model  which  would 
have  been  obtained,  if  one  existed  and  it 
was  possible  to  obtain  it.  For  brevity, 
this  process  of  model  building  and  nu- 
merical solution  is  called  numerical 
weather  prediction  (MVP),  although  the 
designation  MVP  is  usually  applied  to  a 
more  restricted  class  of  models  those 
used  in  routine  weather  forecasting. 

1 here  are,  however,  some  problems 
with  MVP  models  which  cause  the  time 
development  of  the  model  to  diverge 
from  the  time  development  of  the  real 
atmosphere  and  therefore  degrade  the 
quality  of  the  prediction.  The  goal  of 
AFGL’s  efforts  in  mathematical  model- 
ing is  to  minimize  the  sources  of  model 
error,  which  include  inadequate  repre- 
sentation of  relevant  physical  processes, 
incomplete  description  of  the  initial 
state  of  the  prognostic  parameters,  and 
imperfect  representation  of  differential 
equations  by  finite-difference  approxi- 
mations. 

Accuracy  and  Computational  Effort: 

Numerical  Weather  Prediction  requires 
compromises.  The  speed  and  capacity  of 
the  computer  place  severe  practical  lim- 
its on  both  the  physics  which  can  be 
represented  in  the  model  anil  the  scales 
in  time  and  space  which  can  be  explicitly 
resolved  in  the  numerical  solution.  Since 
even  the  simplest  realistic  NVVP  models 
are  nonlinear,  the  problem  of  scale  reso- 
lution is  a physical  as  well  as  a numerical 
problem.  Indeed,  one  of  the  most  diffi- 
cult problems  in  MVP  is  the  proper  treat- 
ment of  those  physical  processes  which 
occur  in  the  atmosphere  on  a scale  which 
is  too  small  or  too  rapid  to  be  resolved 
by  the  space-time  network,  but  which 
are  too  important  to  be  ignored.  This  is 
the  problem  of  sub-grid  scale  processes. 


The  numerical  errors  due  to  truncation 
increase  with  increasing  mesh  size  (that 
is,  the  distance  between  grid  points). 
Furthermore,  the  greater  the  mesh  size, 
the  more  difficult  it  becomes  to  repre- 
sent sub-grid-scale  processes  such  as 
viscous  dissipation  in  terms  of  large- 
scale  parameters.  However,  for  a typical 
model  involving  three  space  dimensions 
and  time,  halving  the  mesh  length  causes 
a 16-fold  increase  in  computer  time.  If 
the  computer  does  not  have  sufficient 
capacity,  there  is  a large  additional  in- 
crease in  “bookkeeping”  time.  These 
strong  practical  reasons  for  maintaining 
a relatively  coarse  network  of  solution 
points  have  caused  us  to  search  for  alter- 
native methods  of  decreasing  truncation 
error  and  improving  accuracy.  One  such 
alternative  is  to  increase  the  order  of 


GRID  INTERVAL 

Comparison  of  four  numerical  solutions  with 
the  exact  analytical  solution.  The  analytic 
solution  is  in  the  small  plot  at  the  upper  left. 
Because  the  errors,  although  small,  are  impor- 
tant, the  main  part  of  the  graph  shows  only 
the  differences  between  each  solution  and  the 
analytic  solution.  Solutions  1,  2,  and  3 are 
second-order  numerical  solutions  and  have 
similar  errors.  Solution  4 is  a fourth-order 
numerical  solution  and  can  be  seen  to  about 
1,000  times  more  accurate  than  the  second- 
order  solutions. 
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accuracy  of  the  finite-difference  approxi- 
mations to  the  differential  equations. 

The  effectiveness  of  a high-order 
finite-difference  approximation  to  a sim- 
ple, one-dimensional  nonlinear,  time  de- 
pendent advection  equation  has  been 
demonstrated.  This  simple  system,  which 
possesses  many  of  the  features  of  the 
more  realistic  i\WP  models,  has  a known 
analytical  solution  which  makes  it  an 
ideal  system  for  experimentation.  The 
accuracy  of  a fourth-order  numerical 
solution  scheme  has  been  compared  with 
three  different  second-order  schemes. 
The  solutions  are  carried  out  in  a nor- 
malized, non-dimensional  time-space  grid- 
mesh  with  time  intervals  of  0.02  and 
a space  mesh  length  of  0.01,  dividing  the 
space  domain  from  0 to  1 . The  solutions 
were  compared  after  an  elapsed  time  of 
0.2,  or  after  10  time  steps.  All  four  nu- 
merical solutions  closely  resemble  the 
analytical  solution. 

The  magnitude  of  the  analytical  solu- 
tion averages  about  0.1.  All  three  sec- 
ond-order solutions  have  similar  errors, 
averaging  about  10‘6,  giving  an  average 
relative  error  of  about  one  part  in  a 
hundred  thousand  for  each  of  the  three 
second-order  solutions.  The  fourth-order 
solution,  however,  is  more  accurate  by 
more  than  three  orders  of  magnitude, 
having  an  average  error  of  less  than  one 
part  in  one  hundred  million.  In  fact,  in 
another  scries  of  experiments  with  the 
same  system  of  equations,  the  fourth- 
order  scheme  with  twice  the  time  and 
space  gridlengths  had  considerably  small- 
er errors  than  the  second-order  schemes 
with  the  original  gridlengths.  Therefore, 
at  least  for  this  simple  system,  consider- 
able computational  effort  can  be  saved 
without  sacrificing  accuracy  by  using  a 
coarser  time-space  mesh  with  a higher 
order  difference  approximation.  It  is 
likely  that  the  same  advantages  of  the 
higher  order  scheme  apply  to  realistic 
NWP  models,  especially  where  most  of 
the  error  occurs  in  the  larger  scale  sizes. 


Noise  and  the  Treatment  of  Diffusion: 

The  growth  of  noise  in  the  real  atmos- 
phere is  limited  by  small-scale  diffusion 
and  viscous  dissipation,  which  is  the  final 
stage  in  the  transfer  of  kinetic  energy 
from  larger  to  smaller  scales.  In  numeri- 
cal modeling,  this  diffusion  process 
which  occurs  on  a microscopic  scale  in 
the  atmosphere  must  be  represented  in 
the  model  or  parameterized  in  terms  of 
scale  sizes  which  arc  many  orders  of 
magnitude  larger. 

This  creates  the  dilemma  of  noise  and 
sub-grid-scale  processes.  Errors  in  the 
initial  data,  model  inadequacies,  improp- 
er treatment  of  both  real  and  artificial 
boundaries,  and  inadequate  resolution  of 
important  components  of  the  system  all 
produce  noise  in  numerical  models.  If 
the  noise  is  not  controlled  in  the  numeri- 
cal solution,  it  will  not  only  produce  in- 
accurate forecasts  and  limit  the  time  for 
which  forecasts  can  be  made,  but  may  al- 
so cause  the  solution  to  become  unstable 
and  completely  meaningless.  But  no  mat- 
ter how  small  we  make  the  grid  size  of 
the  model,  we  can  never  expect  to  treat 
atmospheric  diffusion  explicitly.  Furth- 
ermore, as  has  already  been  indicated, 
time,  economics,  and  machine  capacity 
limit  the  extent  to  which  grid  size  can  be 
reduced.  The  16-fold  increase  in  com- 
puter cost  each  time  we  halve  the  grid 
distance  in  three  dimensions  requires 
that  the  physical  diffusion  which  takes 
place  in  the  real  atmosphere  be  repre- 
sented parametrically  in  numerical  mod- 
els. The  principal  shortcoming  of  con- 
ventional methods  of  representing  diffu- 
sion in  both  operational  and  general  cir- 
culation models  for  numerical  weather 
prediction  is  that  the  meteorologically 
important  cyclone-scale  waves  in  the 
model  arc  damped  along  with  the  comp- 
utationally produced  two-grid-interval 
noise.  The  resulting  predictions  are  too 
smooth  and  fail  to  forecast  newly  devel- 
oping disturbances  adequately.  Any 
good  model  needs  a means  of  represent- 
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ing  viscous  dissipation  that  is  very  strong 
for  the  short  wavelength  noise  and  very 
weak  for  the  larger,  meteorologically 
important  waves. 


Solutions  for  the  surface  temperature  field 
(non-dimensional)  after  200  half-hour  time- 
steps  of  a channel  model  integration,  (a)  No 
Filtering:  Large  amplitude  noise  is  present, 
especially  at  the  lateral  walls  where  several 
individual  gridpoint  values  of  temperature 
are  displayed,  (h)  Filter  applied  once  each 
timestep. 

Wc  have  devoted  considerable  atten- 
tion to  this  problem  and  have  devised 
a digital  filter  which  appears  to  have  just 


the  right  properties  to  control  noise,  rep- 
resent atmospheric  diffusion,  yet  not 
suppress  physically  meaningful  informa- 
tion in  the  model.  The  filter  is  actually  a 
flexible  sequence  of  filters  varying  from 
three-point  operators  in  one  dimension 
when  applied  near  boundaries  to  high- 
ordered  operators  in  the  interior  of  the 
grid  domain.  The  filter  has  now  been  ap- 
plied in  a variety  of  numerical  models 
varying  from  fine-mesh  limited  area 
models  and  channel  models  with  solid 
walls  to  large-scale  general  circulation 
models. 

For  a channel  model  with  solid  walls, 
this  type  of  filter  can  remove  large  am- 
plitude, short  wavelength  noise  near  the 
boundaries  while  leaving  the  interior 
solution  virtually  unchanged.  The  non- 
dimensional  surface  temperature  field 
was  tested  with  rigid  walls  at  the  top  and 
bottom  in  a channel  periodic  in  one 
direction. 

Another  test  of  the  filter  has  been 
run,  again  in  conjunction  with  a channel 
model.  In  this  case  the  walls  were  iso- 
lated; hence  they  caused  no  difficulties. 
An  integration  was  made  of  an  idealized 
cyclonic  storm  that  produced  strong  sur- 
face frontal  zones  as  the  storm  matured. 
In  the  unfiltcrcd  run,  energy  increasing 
in  the  smallest  scales  caused  short  wave- 
length waves  to  form  parallel  to  the 
frontal  zones  and  noise  to  develop  with- 
in the  center  of  the  cyclone.  The  filtered 
run  maintained  the  same  large-scale 
growth  of  the  storm  and  of  the  frontal 
zones  while  removing  the  unrealistic 
smaller  scale  waves  and  noise,  thus  mod- 
eling atmospheric  diffusion  processes  on 
a sub-grid  scale  more  realistically. 

Fine-Mesh  Modeling:  The  shortest 
wave  that  can  be  resolved  in  a numerical 
model  has  a length  of  two  grid  intervals. 
However,  such  waves  and  even  those  that 
arc  four  to  five  times  longer  arc  poorly 
represented  in  numerical  models,  partly 
as  a result  of  truncation  and  numerical 
procedures  and  partly  as  a consequence 
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of  the  fact  that  the  basic  observational 
network  is  itself  rather  coarse.  Fronts 
and  other  phenomena  directly  associated 
with  clouds  and  precipitation  occur  on 
scale  sizes  which  are  poorly  handled  by 
large-scale  numerical  models.  This  diffi- 
culty can  be  alleviated,  if  not  circum- 
vented, by  reducing  the  grid  size.  How- 
ever, as  we  have  already  indicated,  this 
approach  is  very  costly  in  computer  time 
and  is  impractical  for  a global  or  hemi- 
spheric model.  Nevertheless,  over  limited 
areas,  this  approach  is  both  feasible  and 
appropriate,  especially  for  regions  with 
greater  than  average  observational  dens- 
ity. 

A new  and  serious  difficulty  is  intro- 
duced in  trying  to  limit  the  area  of  solu- 
tion— namely,  the  treatment  of  the  artifi- 
cial, internal,  lateral  boundaries.  For  cer- 
tain relatively  simple  models  the  appro- 
priate physical  boundary  conditions  arc 
well  understood,  and  their  numerical 
treatment  presents  no  serious  problem. 
Unfortunately,  this  is  not  generally  the 
situation.  Therefore,  means  must  be  de- 
vised to  prevent  the  solution  from  be- 
coming contaminated  by  noise.  We  have 
devised  new  types  of  high-ordered  inter- 
polation procedures  for  handling  the 
boundary  problem.  We  have  adopted  the 
customary  procedure  of  carrying  out  a 
large-scale  solution  of  the  model  with  a 
coarse  network  covering  a global  or 
hemispheric  domain  and  using  the  coarse 
mesh  solution  to  supply  boundary  infor- 
mation for  the  fine-mesh  domain.  It  is  in 
the  process  of  interpolation  from  the 
coarse  to  fine  mesh  that  we  make  use  of 
our  high-ordered  interpolators  which  arc 
based  upon  the  concept  of  restoring  in- 
formation which  is  lost  in  the  process  of 
two-point  linear  interpolation. 

In  an  earlier  study,  it  was  shown  that 
a large  improvement  could  be  effected  in 
the  suppression  of  gravity-wave  noise 
generated  by  the  artificial  boundaries  by 
the  simple  expedient  of  using  an  eight- 
point  interpolation  operator  rather  than 


the  customary  two-point  linear  interpo- 
lation operator.  The  eight-point  operator 
was  specifically  designed  to  damp  short 
waves  which  are  heavily  contaminated 
by  noise,  but  to  restore  the  amplitudes 
of  waves  longer  than  six  grid  intervals  as 
closely  as  possible  to  their  original  ampli- 
tudes. Nevertheless,  not  all  of  the  gravity 
wave  disturbance  was  removed  by  the 
use  of  the  eight-point  interpolation  oper- 
ator, and  it  was  decided  that  consider- 
able improvement  could  be  obtained  by 
diminishing  phase  error  as  well  as  ampli- 
tude error. 

A unique  high-order  interpolation  pro- 
cedure has  been  devised  which  not  only 
restores  the  amplitudes  of  all  but  the 
shortest  waves,  but  also  minimizes  the 
phase  error  which  is  inherent  in  ordinary 
interpolation.  Work  has  been  in  progress 
to  apply  this  procedure  to  the  problem 
of  supplying  boundary  information  for 
fine-mesh,  limited-area  models  and  the 
preliminary  results  arc  very  encouraging. 

Boundary  Layer  Prediction  Model:  We 

have  continued  a study  of  the  feasibility 
of  improving  the  accuracy  and  increasing 
the  efficiency  of  the  AFGWC  Boundary 
Layer  Prediction  Model  which  has  been 
in  operational  use  for  the  past  several 
years  at  the  Air  Force  Global  Weather 
Central.  The  model  simulates  the  mete- 
orological evolution  in  a given  region 
over  a specific  period  of  time  by  solving 
a set  of  equations  which  is  considered  to 
be  a mathematical  analog  of  the  physical 
processes  in  the  planetary  boundary 
layer  of  the  atmosphere. 

Accuracy  and  efficiency  have  been  se- 
lected as  the  two  most  important  attri- 
butes of  the  performance  of  an  opera- 
tional prediction  model.  The  root-mean- 
square  difference  between  prediction 
and  observation  for  the  entire  set  of  grid 
points  over  the  domain  of  prediction  is 
employed  to  measure  the  accuracy  of 
the  model.  The  amount  of  time  required 
by  the  central  processing  unit  of  the 
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computing  facility  is  used  to  measure  the 
efficiency  of  the  model. 

By  regarding  the  model  as  a complex 
of  interlocking  logical  operations,  an  in- 
cremental improvement  procedure  has 
been  developed.  A particular  modifica- 
tion is  introduced  into  the  model  and 
parallel  computations  are  carried  out 
both  with  and  without  the  modification. 
The  statistics  of  the  difference  in  fore- 
cast error  between  the  modified  and  un- 
modified models  form  the  basis  for  de- 
termining the  utility  of  the  modification. 
Two  examples  are  given  to  illustrate  the 
mechanics  of  the  procedure. 

The  current  operational  model  (desig- 
nated Model  6)  employs  a lengthy  and 
rather  involved  algorithm  to  compute 
the  \alue  of  eddy  diffusivity  at  each  of 
the  seven  levels  in  the  vertical  where  pre- 
dictions are  made.  Three  profiles  of  the 
average  forecast  error  for  the  North 
American  region  for  a number  of  real 
synoptic  situations  were  picked  at  ran- 
dom over  a year.  The  three  profiles  re- 
late to  the  12-hour  forecast  prepared  at 
12Z  (called  day  group),  the  12-hour 
forecast  prepared  at  00Z  (called  night 
group),  and  the  24-hour  forecast  pre- 
pared at  1 2Z. 


Time  average  of  temperature  errors  versus 
height  for  Model  6.  Inadequacy  of  eddy 
diffusivity  in  the  model  leads  to  significant 
errors  in  the  nighttime  predictions. 

A marked  difference  was  noted  in  the 
errors  in  the  12-hour  forecast  tempera 
tures  between  the  day  and  night  groups. 


The  night  group  of  the  12-hour  forecasts 
and  the  day  groups  of  the  24-hour  fore- 
casts both  need  improvement. 

Analyses  and  examination  of  individ- 
ual cases  led  us  to  focus  on  the  eddy  dif- 
fusivity as  the  most  likely  candidate  for 
improvement.  Since  there  was  little  in- 
dication of  what  sort  of  change  might 
lead  to  an  improvement,  we  took  the 
simplest  alternative  by  assuming  that  the 
eddy  diffusivity  remains  constant  in  the 
vertical  throughout  the  entire  boundary 
layer,  with  the  value  estimated  in  the 
surface  layer.  This  change  in  eddy  dif- 
fusivity gave  rise  to  improved  predictions 
in  the  lower  part  of  the  boundary  layer 
but  produced  a degradation  in  the  fore- 
casts for  the  upper  part. 

We  then  moved  on  to  the  next  level 
of  sophistication  by  assuming  that  the 
eddy  diffusivity  decreases  linearly  with 
height  if  the  whole  layer  is  thermally 
stable  and  remains  constant  if  the  whole 
layer  is  thermally  unstable.  The  re- 
sult was  Model  46. 


Time  average  of  temperature  errors  versus 
height  for  Model  46.  Better  modeling  of  eddy 
diffusivity  has  greatly  reduced  the  tempera- 
ture errors. 

It  is  obvious  from  comparison  of  the 
models  that  Model  46  is  more  accurate. 
It  is  also  more  efficient.  The  treatment 
of  diffusion  in  Model  46  is  not  only  con- 
ceptually but  also  computationally  sim- 
pler than  in  Model  6. 
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Another  set  of  tests  was  carried  out  to 
determine  the  most  appropriate  space- 
time  resolution  of  the  numerical  grid  of 
the  model.  Four  models  were  considered: 
the  basic  model  with  the  operational 
grid  spacing  (the  size  of  the  limited-area 
fine  mesh)  and  a 30-minute  time  step;  a 
model  with  the  operational  grid  spacing 
and  a 60-minute  time  step;  a model  with 
twice  the  operational  grid  spacing  and  a 
30-minutc  time  step;  and  a model  with 
twice  the  operational  grid  spacing  and  a 
60-minute  time  step. 

The  results  have  led  us  to  retain  the 
second  model  for  further  experiments 
with  more  samples  while  rejecting  the 
third  and  fourth  models  as  unacceptable. 
Preliminary  results  show  that  the  second 
model  yields  forecasts  with  essentially 
the  same  accuracy  as  the  basic  model  but 
with  only  half  the  computational  effort. 
For  the  immediate  future,  more  synoptic 
samples  will  be  collected  for  tests  and  an 
effort  will  be  made  to  improve  the  pre- 
diction of  the  moisture  field. 

Efficient  Global  Model  Solution:  The 
Poisson  equation  plays  an  important  role 
in  problems  such  as  air  pollution  and  nu- 
merical weather  prediction.  The  lack  of 
an  efficient  method  for  the  numerical 
solution  of  the  Poisson  equation  has 
been  responsible,  in  part,  for  the  shift  in 
emphasis  during  the  past  15  years,  to  the 
so-called  primitive-equation  models  in- 
stead of  the  filtered-cquation  models,  al- 
though the  latter  in  many  respects  arc 
much  simpler  than  the  former.  However, 
even  for  the  primitive-equation  models, 
the  numerical  solution  of  the  Poisson 
equation  is  important  in  objective  analy- 
sis and  initialization.  Since  these  arc  re- 
quired in  daily  routine  operations  in  the 
weather  services,  it  is  of  paramount 
importance  that  the  procedures  be 
efficient. 

We  have  developed  here  an  efficient 
algorithm  for  the  solution  of  a discrete 
Poisson  equation  on  the  surface  of  a 
sphere.  The  algorithm  is  cast  in  a global 


setting  in  anticipation  of  the  develop- 
ment of  global  numerical  prediction 
models  and  also  because  this  is  where  it 
has  its  principal  applicability.  However, 
the  method  is  also  applicable  in  limited- 
area  models  and  in  channel  models. 

The  method  has  been  called  the  shoot- 
ing method  because  its  principle  is  sim- 
ilar to  that  of  shelling  by  artillery.  If  the 
exact  location  of  the  artillery  and  the 
targets  are  known,  we  fire  the  first  shots 
using  arbitrary  elevation  angles.  The 
shots  will  generally  miss  the  targets. 
However,  knowing  the  miss  distance  of 
each  shot  from  each  target,  we  may  then 
adjust  both  the  location  and  elevation 
angle  of  each  battery  so  that  the  second 
shots  will  land  directly  on  target. 

The  method  is  illustrated  with  a prob- 
lem in  a rectangular  domain.  The  dis- 
crete Poisson  equation  couples  the  forc- 
ing function  f at  a given  point  with  the 
values  of  the  unknown  u at  five  points 
neighboring  each  other.  The  forcing 
function  at  each  of  the  interior  points  of 
the  domain  indicated  by  the  dotted 
points  and  values  of  u at  the  boundaries 
indicated  by  open  circles  are  known.  We 
want  to  find  values  of  u which  satisfy 
the  Poisson  equation  in  the  interior  of 
the  domain.  In  the  shooting  method,  we 
make  arbitrary  guesses  for  values  of  u at 
the  row  next  to  the  boundary  (indicated 
by  triangles)  and  compute  values  of  u at 
the  next  interior  row  using  the  Poisson 
equation.  The  process  is  repeated  until 
the  opposite  boundary  has  been  reached. 
The  computed  values  at  this  boundary 
will,  in  general,  not  coincide  with  the 
prc-spccified  values.  However,  the  differ- 
ences between  these  two  sets  of  values  at 
this  boundary  will  now  enable  us  to 
compute  the  correct  values  at  the  first 
interior  row.  Once  the  correct  values  at 
the  first  interior  row  are  known,  the 
problem  is  then  solved  by  shooting  once 
more. 

The  main  advantage  of  this  method  is 
in  its  efficiency.  In  the  traditional  meth- 
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Solving  the  Poisson  Equation  by  the  Shooting 
Method:  The  equation  relates  the  value  of 
f,  called  the  forcing  function,  to  the  values 
of  the  unknown,  u.  Starting  with  known 
values  of  u at  the  points  indicated  by  the 
open  circles,  the  value  of  u is  guessed  for  the 
row  of  interior  points  in  the  triangles.  Using 
the  assumed  values  and  the  equation,  we  can 
calculate  the  value  of  u at  all  the  points  in 
the  interior,  and  also  for  the  points  along  the 
opposite  edge  for  which  we  already  have 
actual  values.  The  difference  between  the  ac- 
tual and  calculated  values  along  the  edge  can 
be  used  to  calculate  the  correct  values  at  the 
first  interior  row.  A second  set  of  calculations 
then  gives  the  correct  values  at  all  the  interior 
points. 

od  of  relaxation,  a grid  of  32  x 32  re- 
quires as  many  as  30  iterations.  The 
work  in  the  shooting  method,  however, 
is  roughly  equivalent  to  three  iterations. 
The  saving  in  time  is  significant. 

Modeling  Stratospheric  Environmental 
Impact:  Air  Force  systems  operate 
through  the  depth  of  the  atmosphere. 
Within  the  troposphere,  pollutants  from 
these  systems  are  removed  within  a time 
scale  of  weeks  by  storms,  rainfall  and 
turbulence.  Higher  up  in  the  stratosphere, 
however,  vertical  mixing  is  greatly  re- 
duced compared  with  the  troposphere, 
and  pollutants  may  remain  there  for 
years.  Horizontal  motion  does  take  place 
so  that  the  pollutants  introduced  any- 
where may  be  distributed  worldwide 
after  several  months. 


An  important  consideration  is  the  ef- 
fect pollutants  will  have  on  the  trace 
constituents  naturally  present  in  the 
stratosphere.  While  making  up  only  a 
very  small  fraction  of  the  atmosphere, 
trace  constituents  such  as  ozone  influ- 
ence the  radiation  balance  of  the  earth- 
atmosphere  system  while  blocking  lethal 
ultraviolet  radiation  which  would  other- 
wise reach  the  earth’s  surface.  Thus  the 
possibility  exists  that  Air  Force  opera- 
tions may  modify  the  stratospheric  gase- 
ous or  aerosol  composition  sufficiently 
to  affect  the  photochemical  and  radia- 
tion balance  of  the  stratosphere,  which 
in  turn  could  have  a significant  impact 
upon  the  worldwide  climate.  Since  any 
large-scale  atmospheric  changes  are  ex- 
pected to  be  slow  and  subtle,  the  most 
effective  approach  to  this  problem  is 
through  controlled  experimentation  with 
mathematical  models  of  the  atmosphere 
which  can  simulate  the  present  atmos- 
pheric behavior  as  well  as  the  conse- 
quences of  perturbed  stratospheric  con- 
ditions. 

Our  goal  is  the  development  of  a time- 
dependent,  three-dimensional  model  of 
the  atmosphere  which  incorporates 
spherical  geometry  and  which  includes 
all  of  the  important  physical  processes, 
the  major  gaseous  and  aerosol  constitu- 
ents, and  the  principal  topographic  fea- 
tures of  the  underlying  surface.  The 
basic  framework  for  the  model,  consist- 
ing of  the  equations  of  motion  with 
appropriate  boundary  conditions,  has 
been  developed  and  programmed  for 
testing.  Initial  integrations,  using  simpli- 
fied flow  patterns,  are  proceeding  to  de- 
termine the  adequacy  of  the  finite-dif- 
ference approximations  being  used  and 
the  minimum  required  grid-mesh  spac- 
ing. The  model  has  been  integrated  out 
to  60  days,  with  satisfactory  results.  A 
filtering  procedure  designed  to  damp 
the  poorly  resolved,  shorter  scales  of  mo- 
tion while  leaving  the  meteorologically 
significant  motions  intact,  has  been 
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tested  successfully  using  a three-dimen- 
sional channel  model  of  the  atmosphere. 

SATELLITE  METEOROLOGY 


Imagery  from  meteorological  satellites 
has  continued  to  expand  in  quantity, 
detail,  and  diversity.  The  analysis  and 
utilization  of  this  imagery  to  solve  Air 
Force  problems  require  techniques  to 
process  the  vast  quantity  of  data,  extract 
pertinent  information,  and  utilize  inde- 
pendent information  from  diverse  im- 
ages. The  extraction  of  meteorological 
intelligence  from  satellite  sounders  is  in 
its  infancy.  The  limitations  imposed  by- 
clouds  and  water  vapor  are  severe.  In 
addition,  there  arc  problems  associated 
with  the  accuracy  of  measurement  and 
with  interpretation.  Efforts  to  overcome 
these  limitations  require  initiatives  to 
isolate  the  specific  sources  of  instrument 
and  analysis  noise,  and  the  design  of  new 
sounders  which  utilize  additional  and  in- 
dependent atmospheric  radiations. 

Tropical  Cyclone  Studies:  The  use  of 
imagery  to  improve  the  forecasting  of 
tropical  cyclones  has  been  approached 
from  two  directions.  One  is  to  use  the 


imagery  to  extract  quantitative  informa- 


tion for  inclusion  in  numerical  predic- 
tion models  and  the  other  uses  the  large- 
scale  cloud  distribution  directly. 

The  first  approach  is  based  on  the 
assumption  that  cloud  displacements  in 
successive  geosynchronous  satellite  pic- 
tures are  representative  of  the  wind 
velocity  at  the  level  of  the  clouds  and 
that  these  cloud-derived  winds  can  be 
utilized  in  a dynamic  model.  The  SAN- 
BAR  model  is  a barotropic  model  which 
utilizes  a mean  tropospheric  wind  based 
on  the  average  of  10  winds  between  100 
and  1000  mb.  The  goals  of  this  study  arc 
to  determine,  first,  how  well  a 1-,  2-,  or 
3-point  average  can  represent  the  10- 
point  mean;  second,  the  effect  on  the 
forecast  of  using  cloud  displacements, 


and  third,  il  cloud  vectors  derived  b\  tlu 
Man-  computer  Interactive  Data  Access 
System  (McIDAS)  provide  any  improve 
ment  over  the  vectors  provided  bv  the 
National  Environmental  Satellite  Set 
vice. 

The  first  goal  has  been  reached. 
Ninety-five  percent  of  the  variation  ol 
the  10-level  tropospheric  average  wind 
can  be  represented  by  the  average  of  the 
850,  500  and  250  mb  level  winds.  About 
85  percent  of  the  variation  can  be  ex- 
plained by  the  average  of  the  850  and 
250  nth  level  winds.  I'hc  behavior  of  the 
2 -level  average  is  important  because  the 
probability  of  seeing  low  or  high  clouds 
is  much  greater  than  that  of  seeing  mid- 
dle clouds.  The  second  goal  is  now  being 
investigated  with  1975  data  on  Atlantic 
hurricanes.  The  study  was  attempted 
with  1974  data,  but  the  storms  that  year 
were  of  a type  that  were  particularly  un- 
suited tor  the  SAN  BAR  model  and  the 
results  of  the  analysis  were  inconclusive. 
The  second  and  third  goals  are  expected 
to  be  satisfied  late  in  1977. 

The  second  approach,  one  of  examin- 
ing the  distributions  for  clues  to  ty- 
phoon motion  utilized  the  McIDAS  at 
AFGL.  Programs  were  developed  which 
allowed  the  computation  and  display  of 
the  average  cloud  field  over  a large  area 
in  relation  to  the  center  of  the  storm. 
This  technique,  called  “compositing,”  is 
a powerful  tool  that  has  often  been  used 
in  analysis  of  fields  that  are  easily  de- 
fined quantitatively  such  as  pressure  or 
temperature.  The  capability  of  comput- 
ing and  displaying  the  differences  in  the 
cloud  fields  associated  with  different 
types  of  storms  was  also  developed. 
Compositing  has  the  advantage  of  rein- 
forcing significant  features  and  muting 
the  random  details  of  a data  field. 

The  following  illustrations  show  an 
example  of  one  of  the  more  significant 
results  achieved  using  the  NOAA  archive 
tapes  of  scan-radiometer  visible  data.  Fig- 
ure a is  the  composite  brightness  of  four 
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(a)  The  composite  brightness  of  four  storms 
that  moved  in  a general  westerly  direction  in 
the  next  24  hours.  The  arrow  indicate.,  the 
center  of  the  storms,  (b)  The  composite 
brightness  of  four  storms  that  moved  in  a 
general  northwesterly  direction  in  the  next 
24  hours.  The  arrow  indicates  the  center  of 
the  storms,  (c)  The  difference  between  pic- 
tures (a)  and  (b).  The  center  of  all  eight  storms 
is  gray,  since  the  area  was  bright  in  both 
pictures.  The  bright  band  with  the  line  through 
it  was  bright  in  (a)  and  dark  in  (b).  This  band 
was  also  associated  with  westerly  moving 
storms  located  both  to  the  east  and  west  of 
this  area. 


storms  located  in  the  box  bounded  by 
15  and  20  degrees  N,  and  120  and  125 
degrees  E which  moved  in  a westerly  di- 
rection during  the  next  24  hours,  higure 
b is  the  composite  brightness  for  four 
storms  in  the  same  area  which  moved  in 
a northwesterly  direction.  Figure  c is  the 
difference  between  the  two.  Bright  loca- 


tions in  figure  c were  bright  in  figure  a 
and  dark  in  figure  b.  Those  locations 
which  were  dark  in  figure  a and  bright  in 
figure  b show  up  dark  while  those  loca- 
tions which  were  bright  or  dark  in  both 
pictures  show  up  gray.  Thus  the  center 
of  the  typhoons  indicated  hy  the  arrow 
in  figure  c is  gray  since  both  figures  a 
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and  b were  bright  there.  The  significant 
feature  to  note  is  the  long  bright  cloud 
band  leading  away  from  the  center  to- 
ward the  northeast.  It  represents  an  area 
that  was  bright  for  westerly  and  dark  for 
northwesterly  moving  storms  in  that  5- 
degree  box.  What  gives  it  significance  is 
that  this  band  is  also  observed  associated 
with  westerly  moving  storms  in  locations 
to  the  east  and  west.  This  work  will  con- 
tinue using  an  expanded  data  sample  as 
well  as  investigating  the  features  of  the 
cloud  field  as  revealed  in  the  infrared 
display. 

Cloud  Properties  from  Satellites:  Ra- 
diation data  from  satellites  have  been 
compared  with  simultaneous  cloud  meas- 
urements with  aircraft-borne  instru- 
ments. Satellite  meteorologists  have 
applied  this  unique  set  of  data  to  esti- 
mate cloud  mass,  cloud  thickness,  and 
ceiling  height  from  satellites.  The  meth- 
ods developed  may  also  be  used  to  im- 
prove the  detection  of  heavy  weather 
over  data-sparse  regions  and  to  verify 
forecasts  of  clouds  and  rain  based  on  nu- 
merical prediction  models.  The  methods 
have  the  further  advantage  of  bypassing 
formidable  calculations  of  cloud  radia- 
tive properties  observable  by  satellites 
for  ice  clouds  with  highly  irregular 
particle  shape,  size,  and  number  concen- 
tration. 

The  weather  satellite  instrument  si- 
multaneously detects  visible  and  infrared 
radiation.  The  visible  radiation  is  re- 
flected sunlight  at  0.5  to  0.7  micron. 
Since  the  spacecraft  are  sun-synchronous 
polar-orbiting  satellites,  simultaneous  vis- 
ible and  infrared  measurements  arc  avail- 
able over  the  globe  once  per  day.  The 
visible  measurements  arc  normalized  to 
standard  viewing  geometry.  This  is  the 
only  correction  which  must  be  applied 
to  standard  data  archives  before  using 
the  methods  to  estimate  cloud  properties 
and  derive  climatologies. 

A series  of  simultaneous  measure- 
ments of  clouds  by  satellites  and  aircraft 


began  in  January  1974.  Forty-five  flights 
have  been  made  to  date.  At  the  time  of 
the  satellite  overpass  an  aircraft  e- 
quipped  with  cloud  physics  instrumenta- 
tion descended  in  a spiral.  Aircraft  data 
were  used  to  measure  cloud  mass  as  a 
function  of  altitude.  Regression  tech- 
niques were  then  used  to  estimate  cloud 
mass  as  a function  of  altitude.  Regres- 
sion techniques  were  then  used  to  esti- 
mate cloud  mass  and  thickness  from  the 
corresponding  satellite  data.  Relation- 
ships between  ceiling  height  and  cloud 
parameters  were  developed  in  a similar 
manner  using  surface  observations  as 
cloud  truth  height.  The  observations 
confirmed  a simple  physical  hypothesis: 
clouds  which  appear  coldest  in  the  infra- 
red and  brightest  in  the  visible  have  the 
greatest  total  mass,  vertical  thickness 
and  lowest  bases.  Moreover,  the  observa- 
tions provide  a quantitative  basis  for  esti- 
mates of  cloud  properties  from  satellites. 

Snow-Cloud  Discrimination:  The  main 
objective  of  this  study  was  to  evaluate 
the  usefulness  of  the  data  from  the  SI 92 
Multispectral  Scanner  aboard  SkyLab  in 
Snow-Cloud  Discrimination.  The  spectral 
range  covered  by  the  scanner  was  from 
0.4  to  2.35  microns  and  10.2  to  12.5 
microns.  This  experiment  package  on 
SkyLab  provided  an  opportunity  to  ex- 
amine the  reflectance  characteristics  of 
snow  and  clouds  in  the  spectral  range 
from  the  visible  to  the  near  infrared. 
Films  for  17  SkyLab  passes  were  re- 
ceived and  analyzed  at  AFGL  along  with 
some  digital  tape  data. 

Analysis  of  pairs  of  SkyLab  imagery, 
one  set  in  the  visible  spectrum  and  one 
set  in  the  near  infrared,  shows  marked 
differences  in  the  characteristic  reflec- 
tances of  snow,  water  clouds  and  ice 
clouds  in  the  two  bands.  In  the  visible 
spectrum,  all  three  scenes  have  high 
values  of  reflectance  and  appear  white. 
The  reflectances  of  these  three  scenes  in 
the  near  infrared  (SkyLab  Band  II,  1 .55 
to  1.75  microns)  range  from  high  (water 
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clouds)  to  medium  (ice  clouds)  to  very 
low  or  black  (snow).  These  differences, 
which  are  reflected  in  the  ratios  of  the 
reflectance  in  the  visible  spectrum  (Sky- 
Lab  Band  6,  0.68  to  0.76  micron)  to 
that  in  the  near  infrared  (SkyLab  Band 
II,  1.55  to  1.75  microns),  appear  to  pro- 
vide a method  for  discriminating  be- 
tween snow  cover,  ice  clouds,  and  water 
clouds.  The  mean  snow  ratio  between 
the  reflectance  in  the  visible  and  the  near 
infrared  was  53.66  ± 24.4  and  the  mean 
cloud  ratio  was  5.47  ± 0.8.  Based  on  the 
analysis  of  the  SkyLab  data,  the  ideal 
band  pass  for  snow/cloud  discrimination 
would  start  at  1.5  microns  and  extend  to 
a wavelength  no  longer  than  necessary 
to  provide  sufficient  energy  on  the 
detector. 

Application  of  Microwaves:  AFGL  re- 
search has  shown  that  it  is  possible  to 
infer  atmospheric  structure  from  meas- 
urements of  microwave  energy  emitted, 
absorbed,  and  scattered  by  the  atmos- 
phere, and  that  such  measurements 
would  have  some  advantages  over  those 
presently  in  use.  Currently,  infrared  sen- 
sors are  used  to  infer  atmospheric  struc- 
ture. In  the  infrared  spectrum,  most 
cloud  systems  arc  opaque.  This  physical 
property  of  clouds  limits  the  useful  data 
a satellite  can  collect.  On  the  other  hand, 
most  cloud  systems  are  transparent  to 
microwaves, allowing  atmospheric  sound- 
ings in  both  clear  and  cloudy  areas.  The 
strong  microwave  absorption  spectra  of 
water  vapor  at  22  GHz  and  183  GHz 
(1.36  cm  and  0.16  cm  wavelengths  re- 
spectively) and  of  oxygen  at  60  GHz  and 
118  GHz  (0.5  cm  anil  0.25  cm  wave- 
lengths respectively)  arc  used  to  deter- 
mine the  atmospheric  structure.  Water 
vapor  profiles  are  inferred  from  measure- 
ments of  the  water  vapor  spectrum  and 
temperature  profiles  from  the  oxygen 
spectrum.  The  oxygen  spectrum  at  60 
GHz  will  be  used  in  the  microwave  tem- 
perature sounder  (SSM/T),  advanced  by 
AFGL,  which  is  to  be  flown  onboard  the 


Defense  Meteorological  Satellite  System 
(I)MSS)  satellite. 

Because  the  microwaves  penetrate 
clouds  in  varying  degrees  from  full 
transparency  for  ice  clouds  to  total 
opacity  for  heavy  rain  clouds,  the  micro- 
wave  region  possesses  a unique  property 
for  probing  cloud  structure.  Analysis  has 
indicated  that  when  the  1 18  GHz  and  60 
GHz  regions  are  used  simultaneously, 
cloud  liquid  water  content  can  be  meas- 
ured. A contractor  is  currently  building  a 
118  GHz  radiometer  to  verify  this  hy- 
pothesis. The  “windows”  between  the 
absorption  spectra  stated  above  and  the 
frequency  range  below  22  GHz  may  be 
utilized  to  determine  earth  surface  con- 
dition and  areas  of  precipitation  over 
land.  A microwave  imager  will  allow  de- 
termination of  ice/sea  boundaries,  sea 
surface  temperature,  sea  state  and  sur- 
face winds  over  oceans  and  potentially 
the  ability  to  differentiate  rain  areas  over 
land.  AFGL  has  advocated  a multi-chan- 
nel mechanically  scanned  microwave 
imager  to  be  flown  onboard  the  DMSS. 


WEATHER  RADAR  TECHNIQUES 

The  Meteorology  Division’s  program  in 
weather  radar  investigations  falls  into 
two  areas.  As  part  of  an  overall  effort  to 
define  the  size  distribution  and  phase  of 
all  hydrometeors  affecting  supersonic 
SAMSO  test  missiles,  one  area  of  investi- 
gation concerns  both  the  prediction  and 
measurement  of  the  liquid  water  content 
of  the  precipitation  encountered  along 
the  trajectory  of  these  vehicles.  A more 
general  description  of  this  work  is  given 
elsewhere  in  this  chapter  under  the  title 
of  the  Weather  Erosion  Programs.  In  the 
second  area  of  investigation,  studies  are 
aimed  at  developing  improved  weather 
radar  and  data  processing  techniques  and 
instrumentation  that  will  enable  the 
operational  detection  of  meteorologi- 
cally significant  features  of  storms  and 
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the  prediction  of  their  motion  and  de- 
velopment to  be  made  in  a timely  and 
accurate  manner.  Here  the  concern  is 
with  the  identification  and  forecasting 
of  severe  weather  hazards  which  are  a 
threat  to  both  people  and  aircraft  on  the 
ground  and  to  flying  aircraft.  Among 
these  hazards  are  tornadoes,  hurricanes, 
windstorms,  hail,  turbulence,  and  heavy 
snow. 

In  recent  years,  most  of  the  research 
has  been  conducted  at  three  locations. 
At  the  AFGL  Weather  Radar  Facility  in 
Sudbury,  Massachusetts,  state-of-the-art 
processing  and  display  equipments  to- 
gether with  three  radars  of  differing 
wavelengths  are  used  to  investigate  both 
widespread  and  convective  precipitation 
systems.  The  investigations  focus  on  the 
techniques  and  instrumentation  for 
measuring,  processing,  displaying,  and 
automatically  interpreting  ground-based 
weather  radar  information.  At  two  other 
locations,  weather  radar  investigations 
are  centered  around  the  needs  of  the 
Weather  Erosion  Programs.  High-power, 
high-sensitivity  radars  at  both  the  NASA 
Wallops  Flight  Center  at  Wallops  Island, 
Virginia,  and  the  Kwajalein  Missile 
Range  at  Roi  Namur,  Marshall  Islands, 
are  utilized  in  these  investigations  to- 
gether with  instrumentation  similar  to 
that  found  at  Sudbury,  but  modified  to 
meet  the  needs  of  the  two  erosion  pro- 
grams. 

Critical  Success  Index:  In  response  to 
an  Air  Weather  Service  request  for  a 
comprehensive  analysis  of  Doppler  and 
conventional  radar  as  an  operational  tool 
for  identifying  and  predicting  hazardous 
weather,  a critical  review  of  all  current 
techniques  and  earlier  research  results 
amenable  to  quantification  was  con- 
ducted. A decision  tool  called  the  Criti- 
cal Success  Index  was  developed  as  a 
means  of  evaluating  the  relative  merits  of 
the  various  techniques.  The  index  is 
found  by  dividing  the  number  of  success- 
ful identifications  by  the  sum  of  the  suc- 


cesses and  errors  of  both  kinds,  that  is, 
false  alarms  and  failures  to  predict.  Ap- 
plication of  this  index  to  all  available  re- 
ports of  the  results  of  these  radar  tech- 
niques revealed  a clear  superiority  of 
Doppler  methods  for  the  detection  of 
tornadoes  and  other  damaging  wind 
storms  and  non-Doppler  methods  for  the 
detection  of  large  hail.  As  a result  of  this 
study,  the  Air  Weather  Service  has  in- 
cluded the  requirement  for  a Doppler 
capability  in  its  plans  for  the  forthcom- 
ing Advanced  Weather  Radar. 

Real-Time  Analysis  of  Wind:  The 
coarse  but  definitive  warnings  of  torna- 
does and  other  severe  wind  disturbances 
in  convective  storms  provided  by  the 
Plan  Shear  Indicator  display  encouraged 
the  development  of  real-time  digital 
methods  for  the  quantitative  determina- 
tion of  the  velocity  structure  within 
these  storm  systems.  During  the  previous 
reporting  period,  Laboratory  and  con- 
tractor scientists,  working  in  association, 
developed  a revolutionary  Doppler  proc- 
essing scheme,  called  the  pulse-pair 
technique,  which  enabled  the  calculation 
of  Doppler  spectral  moments  at  approxi- 
mately 10,000  times  the  speed  of  the 
fastest  Fourier  transform  technique.  The 
instrument  was  installed  in  the  Porcu- 
pine Doppler  radar. 

The  pulse-pair  processor  computes  the 
mean  and  spectral  width,  or  variance,  of 
velocity  spectrum  directly,  performing 
relatively  simple  operations  on  the  com- 
plex Doppler  time  series.  The  processor 
has  a speed  comparable  to  the  Plan  Shear 
Indicator,  but  gives  a digital  velocity 
mean  output  as  well  as  variance,  and  for 
this  reason  can  feed  a variety  of  display 
systems  as  well  as  yield  an  output  suit- 
able for  computer  processing.  The  pulse- 
pair  technique  offered,  for  the  first  time, 
the  possibility  of  digital  parameteriza- 
tion of  the  velocity  fields  for  efficient 
and  reliable  objective  identification  and 
short-term  forecasting  of  severely  de- 
structive storms. 
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Another  development  reported  on 
previously  was  the  color  display.  It  over- 
came the  problem  of  variation  of  the 
strength  of  return  with  range,  and  the  in- 
ability of  the  operator  to  discriminate 
many  shades  of  gray.  It  contours  the 
video  signal  output  of  the  weather  radar 
and  integrator  according  to  a desired, 
predetermined  scheme,  and  stores  the  re- 
sulting data  as  one  of  16  color -coded 
levels  in  four  independent  image-ori- 
ented memories,  each  of  which  refreshes 
one  raster-scan  color  television  monitor. 
The  operator  can  easily  recognize  the  1 6 
color-coded  levels  of  signal  intensity. 
The  system  can  store  indefinitely,  up- 
date or  erase  any  of  the  four  stored  im- 
ages independently.  With  appropriate  an- 
tenna scanning,  it  can  generate  a con- 
stant altitude  PPI  display  for  each  of 
four  selectable  altitudes,  as  well  as  the 
more  usual  RHI  and  PPI  displays.  The 
Pulse-Pair  Processor  and  Color  Display 
have  resulted  in  a quantum  increase  in 
the  information  that  is  available  in  real 
time  concerning  the  structure  of  the 
wind  field  as  measured  by  Doppler  radar. 
The  patterns  of  velocity  information  are 
often  quite  complex.  However,  compari- 
sons of  rawinsonde  and  Doppler  velocity 
information  for  periods  when  the  winds 
are  uniform  at  a given  altitude  have 
shown  that  even  the  most  complex  pat- 
terns can  be  interpreted  in  real  time 
on  the  basis  of  combinations  of  simpler 
structures. 

■ We  have  represented  features  which 
actually  appeared  in  a color  display  in 
black  and  white.  In  the  color  display 
each  of  the  rings  has  its  own  color.  The 
point  in  the  center  of  the  pattern  is  the 
location  of  a Doppler  radar  which  has 
just  scanned  through  an  extensive  precip- 
itation cloud  at  a low  elevation  angle. 
The  greater  the  distance  of  a point  in  the 
pattern  from  the  radar  position,  the 
greater  its  altitude.  The  lines  are  isolines 
of  the  radial  component  of  the  wind.  All 
along  the  railroad  track,  the  radial  com- 


ponent is  zero.  When  we  combine  the 
information  from  the  railroad  track  and 
the  distribution  of  colors,  we  can  deter- 
mine the  direction  and  speed  of  the  wind 
at  any  point  in  the  pattern.  In  the  case 
shown,  the  wind  at  point  A (close  to  the 
radar  and  at  a low  altitude)  is  from  the 
southeast  while  the  wind  at  point  B (fur- 
ther from  the  radar  and  at  a higher  alti- 
tude) is  from  the  south.  This  pattern 


A black  and  white  representation  of  features 
which  actually  appeared  in  a color  display  of 
the  structure  of  the  wind  field  in  an  area  of 
widespread  precipitation  as  measured  by 
Doppler  radar.  The  Doppler  radar  was  located 
in  the  center  of  the  display.  Each  ring  indi- 
cated a particular  value  of  the  radial  compon- 
ent of  the  wind,  and  was  in  the  color  chosen 
to  indicate  that  value.  The  crossed  line  “rail- 
road track"  indicated  a zero  radial  wind 
component. 


then  shows  a wind  veering  with  height. 
As  one  moves  from  the  radar  to  point  C 
or  point  D,  the  magnitude  of  the  radial 
wind  component  increases  with  altitude, 
whereas  from  C to  E and  D to  F the 
wind  decreases  with  altitude.  This  tech- 
nique, effective  in  stratified  precipita- 
tion, is  now  being  extended  to  severe 
convective  storms. 
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Liquid  Water  Content  Analyzer:  The 

color  display  system  has  been  success- 
fully used  during  the  past  three  years  of 
the  Weather  Erosion  Program  to  define 
the  radar  reflectivity  structure  of  the 
atmosphere  during  all  SAMSO  launch  ac- 
tivities at  Wallops  Island.  The  system  has 
continued  to  provide  the  SAMSO 
Launch  Director  with  a quantitative  vis- 
ual description  of  meteorological  condi- 
tions throughout  the  test.  SAMSO ’s  test 
requirements  demonstrate  an  increasing 
need  for  knowledge  about  the  liquid 
water  content  structure  of  the  atmos- 
phere at  the  time  of  launch.  However, 
while  it  is  possible  to  make  the  conver- 
sion from  radar  reflectivity  to  liquid 
water  content  manually,  it  is  impossible 
to  provide  more  than  coarse  manual  esti- 
mates in  real  time.  Therefore,  a liquid 
water  content  analyzer  was  developed  to 
automatically  determine  the  reflectivity 
along  an  arbitrary  trajectory.  It  makes 
the  conversion  from  reflectivity  to  liquid 
water  content  using  empirical  relation- 
ships, and  presents  the  resultant  liquid 
water  content  profile  on  the  same  dis- 
play system  used  to  brief  the  Launch 
Director.  This  analyzer  has  been  found 
to  be  an  extremely  useful  adjunct  to  the 
weather  radar  instrumentation,  and  its 
capability  has  recently  been  expanded  to 
provide  real-time  predictions  of  erosion 
and  erosion-related  phenomena. 

DESIGN  CLIMATOLOGY 

Military  materiel  must  have  year-round 
world-wide  endurance  capability  and 
operational  utility.  Overdesign  could  be 
costly,  yet  ineffective,  but  underdesign 
could  cause  failure  and  loss  of  life.  Cli- 
matological studies,  therefore,  have  been 
continued  to  improve  our  knowledge  of 
the  risks  to  Air  Force  equipment  design 
and  operational  planning  caused  by 
weather  extremes. 

Climatic  Extremes:  Department  of 
Defense  Military  Standard  210,  Climatic 


A typical  display  of  the  liquid  water  content 
profile  predicted  for  a scan  of  the  SPANDAR 
radar  at  Wallops  Island,  Virginia,  at  181 1Z  on 
31  August  1976. 

Extremes  for  Military  Equipment,  is  the 
document  used  by  the  three  Services  to 
specify  climatic  design  criteria  for  equip- 
ment destined  for  world-wide  usage. 
AFGL  has  technical  responsibility  for 
keeping  this  document  up  to  date.  A re- 
vised standard  was  accepted  by  DOD  and 
published  in  December  1973.  This  ex- 
ceptionally valuable  document  for  use  in 
designing  equipment  is  intended  for 
world-wide  usage.  However,  if  the  design 
criteria  contained  in  this  document  are 
used  lor  equipment  which  will  be  used  in 
only  one  location,  that  is,  the  tropics, 
costly  over-design  may  result.  To  elimi- 
nate this  problem,  an  effort  has  been 
started  to  prepare  1-,  5-,  and  10-percent 
global  mappings  of  extremes  of  weather 
elements.  Such  presentations  will  permit 
designers  to  choose  design  criteria  based 
on  the  intended  deployment  area.  Tem- 
peratures equalled  or  exceeded  1,  5,  and 
10  percent  of  the  time  during  the  hottest 
and  coldest  months  have  been  mapped 
for  the  Northern  Hemisphere.  They  are 
now  being  mapped  for  the  Southern 
Hemisphere.  The  next  element  planned 
for  study  is  the  instantaneous  precipita- 
tion rate. 

Wind  Variability:  Surface  wind  varia- 
bility is  an  important  consideration  in 
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the  design  and  operation  of  many  Air 
Force  systems.  For  example,  accurate 
estimation  of  the  wind  speed  range  and 
gustiness  is  extremely  important  during 
the  take-off  and  landing  operation  of 
VSTOL  aircraft  and  helicopters.  A tech- 
nique was  developed  for  estimating  these 
parameters  for  given  time  intervals,  dur- 
ing periods  of  strong  winds,  from  the 
mean  wind  speed.  The  results  of  this 
study  arc  now  being  used  by  the  Air 
Weather  Sen  ice  to  provide  guidance  to 
forecasters  supporting  helicopter  opera- 
tions. The  National  Weather  Service  has 
also  adopted  the  technique  for  use  in  its 
automated  wind  forecasts. 

Wind  information  is  required  for  the 
targeting  of  ballistic  missiles.  If  observa- 
tions and  conventional  short-range  fore- 
casts are  unavailable,  climatology  pro- 
vides the  best  estimate  of  upper  air 
winds.  Computer-generated  winds  based 
on  theoretical  models  of  the  wind  field 
provide  the  present  backup  climatology. 
A comparison  between  computer-gener- 
ated winds  and  a climatology  based  on 
four  to  eight  years  of  daily  actually  ob- 
served winds  was  made  at  approximately 
400  stations  in  the  Northern  Hemi- 
sphere. The  altitudes  ranged  from  5,000 
to  80,000  feet.  This  comparison  indi- 
cates that  there  arc  some  large  differ- 
ences between  the  two  sets  of  winds. 
Therefore,  it  was  concluded  that  a clima- 
tology based  on  more  than  four  years  ot 
daily  observed  winds  is  generally  supe- 
rior to  computer-generated  climatic 
winds  based  on  the  models  presently 
used. 

Line-of-Sight  Climatology:  Many  cur- 
rent and  proposed  Air  Force  systems  use 
optical,  infrared,  and  laser  sensors  for 
their  detection,  lock-on,  and  tracking 
components.  Because  many  of  these 
components  cannot  operate  through 
heavy  haze  or  clouds,  there  is  an  in- 
creased need  for  information  on  the 
probability  of  haze-  or  cloud-free  lines  of 
sight.  Two  efforts  have  been  conducted 


to  determine  how  often  haze  or  clouds 
would  limit  operations:  an  aircraft  in- 
flight observation  program  and  the  devel- 
opment of  a cloud-free  line-of-sight 
(CF'LOS)  model  based  on  observed 
cloud-cover  statistics. 

The  collection  of  more  than  275,000 
in-flight  line-of-sight  observations  from 
aircraft  to  the  earth’s  surface,  the  hori- 
zon and  to  the  sky  over  much  of  the 
Northern  Hemisphere  was  analyzed  and 
prepared  for  publication.  Probabilities  of 
clear,  cloud-free  or  haze-free  lines  of 
sight  from  aircraft  at  various  flight  alti- 
tudes have  been  determined  and  are 
being  readied  for  publication.  This  in- 
formation will  be  valuable  to  designers 
and  operators  of  many  electro-optical 
systems  coming  into  or  already  in  the 
inventory.  The  utility  and  optimum  de- 
ployment of  these  weapon  systems  can 


Probabilities  of  .1  cloud-free  line-of-sight  be- 
tween an  aircraft  at  altitude  and  the  earth's 
surface.  The  solid  lines  indicate  a high  degree 
of  confidence  in  the  analysis  while  the  dashed 
lines  indicate  less  confidence  because  the 
analysis  is  based  on  a smaller  number  of 
observations. 
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be  estimated  from  a knowledge  of  clear 
and  cloud-free  line-of-sight  statistics. 

A program  to  collect  in-flight  line-of- 
sight  observations  at  altitudes  under 
1 0,000  feet  over  western  Europe  is  pres- 
ently under  way.  These  observations  are 
taken  primarily  by  Army  helicopter 
units. 

A model  for  estimating  CEI.OS  proba- 
bilities has  been  developed  by  correlating 
cloud-cover  observations  with  whole-sky 
photographs.  This  model,  which  provides 
CFLOS  probabilities  through  the  atmos- 
phere for  any  desired  elevation  angle 
based  on  cloud-cover  statistics  for  a 
given  location,  was  used  to  produce  an 
atlas  of  CFLOS  probabilities  for  Ger- 
many. Similar  atlases  for  the  U.S.S.R. 
and  the  U.S.A.  are  being  developed.  Ef- 
forts are  also  being  made  to  model  joint 
probabilities  of  CFLOS  in  order  to  esti- 
mate the  probability  that  two  or  more 
targets  will  be  simultaneously  weather 
protected.  This  information  is  also  re- 
quired for  determining  locations  and 
spacing  of  laser  communications  sites. 

Ice  particles  and  water  droplets  in 
clouds  can  erode  hypersonic  vehicles, 
and  precipitation  can  partly  or  com- 
pletely absorb  the  millimeter  wave- 
lengths often  used  for  communications. 
A climatology  of  precipitation  occur- 
rence is  being  developed  for  determining 
the  probability  and  extent  of  precipita- 
tion along  various  ray  paths  through  the 
atmosphere.  A three-year  collection  of 
photographs  of  radar  scopes  taken  at  17 
National  Weather  Service  radar  sites  was 
completed  in  December  1975.  The  radar 
scope  was  photographed  every  three 
hours  with  the  antenna  at  each  of  four 
elevation  angles:  0,  15,  30,  and  45  de- 
grees. 

These  photographs  will  be  used  to 
develop  a climatology  of  the  slant  range 
thickness  of  precipitation  echoes.  These 
data  will  provide  probabilities  of  precipi- 
tation interference  along  ray  paths  from 
the  surface,  between  two  altitudes,  and 


from  any  altitude  out  to  space  or  to  the 
ground. 

Standard  and  Reference  Atmospheres : 

The  U.  S.  Standard  Atmosphere,  1976 
has  been  completed.  It  is  a major  revi- 
sion of  the  U.  S.  Standard  Atmosphere, 
1962,  and  includes  the  AFGL  50-  to 
90-km  revision.  The  same  revision  was 
adopted  by  the  International  Standards 
Organization  (ISO)  for  the  ISO  Standard 
Atmosphere. 

As  part  of  a continuing  investigation 
of  the  distribution  and  variability  of 
atmospheric  properties  up  to  120  km, 
the  if.  S.  Standard  Atmosphere  Supple- 
ments, 1966  are  also  being  revised  and 
expanded  in  scope.  Monthly  models  for 
each  15  degrees  of  latitude  from  equator 
to  pole  are  being  developed  for  altitudes 
up  to  90  km.  Specialized  winter  models 
arc  also  being  constructed  to  describe 
warm  and  cold  stratospheric  and  meso- 
spheric conditions  typical  of  arctic  and 
subarctic  regions.  Consequently,  these 
reference  atmospheres  will  provide  the 
horizontal  and  vertical  distributions  of 
thermodynamic  properties  of  the  atmos- 
phere that  would  be  encountered  by 
aerospace  vehicles.  Mean  monthly  mod- 
els from  the  surface  to  90  km  have  been 
completed  for  the  equator,  15,  30,  and 
45  degrees  north  latitude. 

Multi-Predictor  Probability:  A model 
of  conditional  probability  developed  pre- 
viously has  been  extended  to  give  the 
probability  that  the  phenomenon  pre- 
dicted will  exceed  a threshold  value,  sub- 
ject to  specific  values  of  two  or  more 
predictors.  In  the  formula  for  calculating 
the  probability,  the  conditional  proba- 
bility is  replaced  by  the  normalized  dis- 
tribution for  the  varying  quantity.  This 
value  is  shown  to  be  given  by  a sum  of 
terms,  where  each  term  is  the  value  of 
one  predictor,  transformed  into  a nor- 
malized distribution  and  multiplied  by 
its  partial  regression  coefficient. 

A test  of  this  model  on  regular  three- 
hour  observations  of  precipitation  re- 


vealed  strong  evidence  of  the  validity  oF 
the  probability  estimates,  and  also 
demonstrated  that  the  model  can  yield 
very  good  estimates  of  the  conditional 
probability  with  as  many  as  seven  pre- 
dictors. 

Coverage  of  Areas:  Meteorological  ol>- 
servations  are  generally  taken  at  a spe- 
cific geographical  location  and  at  a single 
instant  of  time.  It  is  often  important  to 
know  how  representative  these  observa- 
tions are  of  the  weather  in  the  surround- 
ing area.  When  a storm  passes,  what  frac- 
tion of  a city  or  state  will  receive  rain- 
fall? What  is  the  probability  that  a satel- 
lite camera  will  have  a clear  view  of  at 
least  80  percent  of  a city?  These  and 
similar  questions  have  led  to  the  general 
investigation  by  a statistical  modeling  of 
areal  coverage.  The  study  did  not  at- 
tempt to  describe,  or  map,  actually 
occurring  details  of  weather  phenomena, 
but  did  estimate  the  probability  of 
events  occurring  with  specific  areas  or 
fractions  of  areas.  The  effort  was  cen- 
tered on  maximum  or  minimum  values 
of  a meteorological  element  in  a given 
area  or  the  highest  minimum,  or  lowest 
maximum,  in  a given  fraction  of  the 
area.  Archived  data  were  used,  not  as 
comprehensive  climatology  in  them- 
selves, but  as  a guide  to  modeling. 

The  problem,  at  the  outset,  was  to 
devise  a procedure  that  would  produce 
a simulated  horizontal  synoptic  field 
probabilistically  without  recourse  to 
physical  laws  or  dynamics.  Once  such  a 
Monte  Carlo  procedure  was  adopted,  it 
was  repeated  many  times  to  produce  a 
large  set  of  synoptic  situations,  compris- 
ing a sample  that  could  be  surveyed  for 
spatial  correlation  or  association  of 
events.  The  collection  of  information  so 
obtained  constitutes  the  model.  It  has  a 
parameter  (r)  termed  scale  distance  and 
defined  as  the  distance  over  which  the 
correlation  coefficient  is  0.99. 

An  illustration  of  the  results  of  the 
Monte  Carlo  sampling  process  is  the  cal- 


culation of  the  probability  of  an  event 
occurring  in  one  tenth  of  an  area  of 
known  size  when  its  single-point  proba- 
bility is  known.  If  an  event,  such  as  rain, 
is  known  to  occur  at  a rain  gauge  with  a 
frequency  of  2 percent  at  any  hour  of 
the  day,  then  the  probability  of  its 
single-point  non-occurrence  is  98  per- 
cent. 

From  the  point  0.98  on  the  left-hand 
scale  of  the  figure  used  to  calculate  the 
probability,  we  follow  a curve  of  con- 
stant probability  across  the  figure  to  the 
value  of  the  area  ratio  of  interest.  (The 
value,  S = VA/r,  where  \ is  the  area  of 
interest,  and  r is  the  distance  for  which 
the  correlation  is  0.99.)  If  the  area  is  the 
size  of  the  state  of  Massachusetts  (A  = 
21,358  kmJ)  and  the  scale  distance  for 
one-hour  of  July  rainfall  is  r = 3.61  km. 
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then  S = 40,  for  which  the  figure  shows  a 
probability  of  0.07  that  24-hour  precipi- 
tation will  be  experienced  over  1/10 
or  more  of  the  state. 

This  model  was  applied  to  a practical 
problem,  to  estimate  the  probability  that 
a given  “floor  space”  will  be  covered  by 
active  precipitation,  as  indicated  by 
radar  echoes.  In  summertime,  the  scale- 
distance  for  radar  echoes  was  estimated 
at  1.48  km.  The  single-station  proba- 
bility was  estimated  to  be  0.04  along  the 
Atlantic  seaboard.  The  probabilities  of 
fractional  coverage  by  precipitation  were 
estimated  for  areas  ranging  in  size  from 
1500  to  100,000  km2.  The  probability 
of  rain  over  '4  of  the  area  or  more  de- 
creases with  the  size  of  the  area.  But  the 
probability  that  1/10  of  the  area  will  be 
covered  actually  increases  as  the  area  in- 
creases, to  an  optimum  size  of  50,000 
km2,  after  which  it  begins  to  decrease, 
and  eventually,  the  probability  reaches  0 
for  a very  large  area. 

FOG  DISPERSAL 

Since  the  beginning  of  scheduled  flying, 
fog  has  hampered  airport  operations.  In 
the  Air  Force,  where  schedules  must 
often  be  met  whatever  the  weather,  fog 
can  seriously  compromise  operations.  In 
recognition  of  this  fact,  the  Air  Force 
has  a vigorous  program  to  develop  and 
use  fog  dispersal  technology.  AFGL  has 
studied  techniques  for  operational  fog 
dispersal  for  several  years.  Recent  atten- 
tion has  been  focused  on  the  develop- 
ment of  an  operational  warm  fog  disper- 
sal system  using  ground  bated  heat 
sources.  A smaller  effort  was  mounted  to 
explore  the  feasibility  of  using  com- 
pressed air  for  supercooled  fog  dispersal. 

Warm  Fog:  A modern  Warm  Fog  Dis- 
persal System  (WF’DS)  using  momentum- 
driven  heat  sources  has  been  designed. 
The  system  has  two  principal  compon- 
ents: the  combustors  and  the  controls. 
The  combustors  are  located  along  both 


sides  of  the  approach  and  rollout  por- 
tions of  the  runway.  The  clearing  pro- 
duced will  allow  landings  to  be  safely 
completed  under  Category  I aviation 
conditions.  This  means  that  the  visibility 
will  be  raised  io  800  meters  (1/2  mile)  to 
a depth  of  60  meters  (200  feet).  In  the 
interest  of  safety,  the  clearing  depth  in 
the  Warm  Fog  Dispersal  System  will  be 
75  meters  (250  feet)  at  the  start  of  the 
approach  zone  and  taper  down  to  1 5 
meters  (50  feet),  300  meters  (1500  feet) 
downrunway  of  the  nominal  touchdown 
point  of  the  runway.  The  clearing  depth 
will  remain  15  meters  (50  feet)  until  the 
end  of  the  runway  or  until  some  con- 
venient exit  taxiway.  The  clearing  will  be 
150  meters  (500  feet)  wide  at  the  start 
of  the  approach  zone  and  taper  down  to 
60  meters  (200  feet)  near  the  touch- 
down point. 

Theoretical  calculations,  verified  by 
empirical  testing  of  subscale  WFDS  com- 
bustors, both  performed  over  the  past 
two  years  at  AFGL,  show  that  of  the 
order  of  1010  cal  of  heat/minutc  are  re- 
quired to  disperse  the  fog  over  the  vol- 
ume necessary  to  support  Air  Force 
operations.  The  heat  must  be  evenly  dis- 
persed to  insure  an  even  clearing  over  the 
intended  target  volume.  Numerical  mod- 
eling of  heat  plumes  combined  with  field 
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Schematic  representation  of  a modern  Warm 
Fog  Dispersal  System  using  momentum- 
driven  heat  sources. 


137 


observations  performed  on  scales  be- 
tween 1/6  and  1/12  of  full  scale  have 
provided  design  specifications  for  the 
WFDS  combustors.  Different  amounts  of 
heat  and  thrust  are  required  for  com- 
bustors near  the  approach,  touchdown, 
and  rollout  areas  of  the  runway. 

I'he  theoretical  and  empirical  investi- 
gations performed  to  develop  the  com- 
bustor specifications  also  showed  that 
the  location,  intensity,  and  depth  of  the 
heat  plume  all  critically  depend  upon 
wind.  It  is  for  this  reason  that  the  sec- 
ond major  component  of  the  Warm  Fog 
Dispersal  System,  the  control  system,  is 
so  important.  Wind  and  visibility  systems 
will  be  installed  near  the  approach  and 
rollout  portions  of  the  Warm  Fog  Dis- 
persal System  to  monitor  changes  in 
these  critical  meteorological  parameters. 

In  the  approach  zone,  indirect  probing 
devices  will  be  used  because  observations 
will  be  needed  to  a depth  of  up  to  75 
meters  (250  feet)  in  an  area  where  tow- 
ers cannot  be  erected.  Acoustic  and  laser 
dopplcr  wind  sensors  arc  being  tested  for 
use  as  the  wind  monitoring  devices. 
Laser  devices  to  determine  slant  visual 
range  (SVR)  and/or  laser  ceilometers  will 
be  tested  to  monitor  the  clearing  pro- 
duced by  the  Warm  Fog  Dispersal  Sys- 
tem in  the  approach  zone.  In  the  rollout 
region  of  the  runway,  conventional  run- 
way visual  range  (RVR)  and  wind  instru- 
mentation will  he  used. 

All  of  the  meteorological  information 
will  be  transmitted  to  a control  point. 
There,  computer  directed  commands  will 
be  issued  to  the  combustors  to  modulate 
heat  and  thrust  in  response  to  changes  in 
wind  and/or  visibility. 

The  combustors  for  the  Warm  Fog 
Dispersal  System  will  be  developed  in 
FY-1977.  Limited  portions  of  the  WF'DS 
will  be  tested  at  a heavily  instrumented, 
off-runway  site  in  F'Y-1978.  Full  scale 
operational  demonstration  tests  of  the 
WFDS  are  planned  to  start  in  October 
1979.  The  program  is  being  managed  by 


the  Air  F’orce  Civil  Engineering  Center, 
with  technical  support  provided  by 
AFGL. 

Supercooled  Fog:  The  Air  Weather 
Service  (AWS)  has  been  conducting 
supercooled  fog  dispersal  operations  in 
Alaska  and  Washington  for  several  years. 
At  first  the  clearing  agent  was  dry  ice 
dispensed  from  the  air.  Recently  it  has 
become  liquid  propane  spray  dispensed 
from  the  ground.  With  the  increasing 
cost  and  possible  decreasing  availability 
of  propane,  it  became  appropriate  to 
investigate  other  methods  of  dispersing 
supercooled  fog. 

Another  method  calls  for  the  substitu- 
tion of  compressed  air  for  propane. 
When  the  compressed  air  is  vented 


Ice  crystal  concentrations  produced  by  com- 
pressed air  and  propane  under  controlled 
environment  conditions. 

through  a suitable  supersonic  nozzle,  the 
adiabatic  expansion  of  the  air  upon  its 
exit  cools  the  fog-laden  air  to  the  point 
where  many  ice  crystals  arc  produced  by 
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homogeneous  nucleation.  These  ice  crys- 
tals react  with  the  fog  in  the  same  way  as 
do  those  produced  by  the  propane  dis- 
pensed in  the  successful  AWS  operations. 

The  number  of  ice  crystals  produced 
by  compressed  air  and  propane  during 
controlled  environment  tests  conducted 
at  the  U.  S.  Army  Cold  Regions  Re- 
search and  Engineering  Laboratory  were 
compared.  These  results  were  verified  in 
a limited  number  of  free  environment 
tests  conducted  on  Elk  Mountain  in 
Wyoming.  The  adiabatic  expansion  of 
1000  cm3  of  previously  compressed  air 
produces  the  same  number  of  ice  crystals 
as  does  the  evaporation  of  1 cm3  pro- 
pane. 

In  an  operational  adaptation  of  the 
compressed  air  technique,  a gasoline 
powered  compressor  would  be  used  to 
generate  the  compressed  air.  It  was 
found  that  the  greatest  number  of  ice 
crystals  was  produced  when  the  air  was 
compressed  to  approximately  60  psig  be- 
fore being  vented  through  the  supersonic 
nozzle.  It  was  found  that  a compressed 
air  system  would  consume  approxi- 
mately 1/17  as  much  hydrocarbon  fuel 
to  generate  the  same  number  of  ice  crys- 
tals as  does  the  present  propane  spray 
systems  of  the  AWS.  In  an  average  year, 
it  was  estimated  that  the  savings  at  Elm- 
endorf  AFB,  Alaska,  could  be  over 
113,000  liters  (30,000  gallons)  of  pro- 
pane, costing  over  SI 4,000  at  present 
day  prices. 


WEATHER  EROSION  PROGRAMS 

In  developing  advanced  ballistic  reentry 
systems,  the  design  engineer  must  know 
how  candidate  materials  erode  when 
they  traverse  clouds  or  precipitation  dur- 
ing hypersonic  reentry  through  the 
atmosphere,  for  this  process  can  affect 
the  accuracy  and  even  the  survivability 
of  a reentry  vehicle.  Likewise,  in  predict- 
ing the  combat  performance  to  be  ex- 


pected of  a reentry  system,  the  opera- 
tions analyst  must  know  the  frequency 
and  severity  of  erosion  weather  in  po- 
tential target  areas.  On  both  of  these 
questions  the  Meteorology  Division  has 
continued  during  the  past  two  years  to 
support  the  Air  Force's  Space  and  Mis- 
sile Systems  Organization  (SAMSO). 

Field  tests  of  erosion  are  conducted  at 
both  NASA’s  Wallops  Island  range  in 
Virginia  and  at  the  Kwajalein  Missile- 
Range  in  the  southwest  Pacific.  In  such 
tests  the  role  of  AFGI,  scientists  is  to 
document  the  weather  actually  en- 
countered by  the  test  vehicle.  This  is 
accomplished  through  coordinated  meas- 
urements made  with  an  ultrasensitive 
ground-based  radar  and  from  aircraft 
specially  instrumented  with  cloud  micro- 
physical sensors.  The  basic  methodology 
was  developed  more  than  five  years  ago 
expressly  for  the  erosion  tests  Since 
then,  instrumentation  and  procedures 
have  been  continually  upgraded  in  the 
interest  of  enhancing  the  accuracy  and 
utility  of  the  meteorological  data,  not 
only  for  documentation  after  the  test, 
but  also  as  a real-time  input  to  launch 
decisions. 

The  mass  density  of  cloud  or  precipi- 
tation particles  (hydrometeors)  is  the 
foremost  weather  parameter  in  the  ero- 
sion equation.  The  current  standard  de- 
vice for  measuring  this  is  a particle  spec- 
trometer which  counts  and  sizes  the  par- 
ticles individually.  The  sizing  is  actually 
done  in  terms  of  the  maximum  width  of 
a horizontal  shadow  of  the  particle  or, 
by  a more  advanced  version  of  the  spec- 
trometer, in  terms  of  the  full  two-dimen- 
sional shadow.  While  the  relation  be- 
tween these  measures  and  the  mass  of 
the  particle  is  straightforward  for  a 
spherical  particle,  it  is  far  from  simple 
for  snowflakes  and  other  forms  of  solid 
particles.  Consequently,  in  order  to  use 
the  particle  spectrometer  to  infer  mass, 
AFGL  has  had  to  undertake  extensive 
fundamental  studies  of  the  relationship 
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between  the  geometry  and  the  mass  of 
all  forms  of  solid  hydrometeors. 

Even  so,  the  mass  measurements  made 
with  the  particle  spectrometer  are  at  best 
indirect  and  dependent  on  statistical 
relationships.  Therefore,  it  has  long  been 
a goal  of  the  Weather  Erosion  Program 
to  develop  a device  capable  of  sensing 
hydrometeor  water  content  directly.  Ex- 
perimental versions  of  two  sensors,  oper- 
ating on  quite  different  principles,  arc 
currently  being  flown.  Although  test  re- 
sults arc  most  encouraging,  neither 
device  has  yet  been  certified  for  routine 
use. 

In  order  that  current  weather  condi- 
tions can  be  assessed  in  real  time  for  the 
guidance  of  the  SAMSO  test  director  in 
deciding  when  to  launch  his  test  vehicle, 
the  data  systems  aboard  C-130E  and 
Learjet  36  aircraft  feed  into  onboard 
computers,  the  data  from  which  provide 
hydrometeor  water  content  and  other 
critical  weather  parameters  for  immedi- 
ate relay  to  the  ground. 

For  the  same  reason,  computers  have 
also  been  incorporated  in  the  radar  data 
systems.  In  consequence,  at  both  ranges 
the  current  distribution  of  water  content 
and  the  expected  test  results  can  be 
evaluated  instantly  for  any  proposed  test 
trajectory.  Further  details  of  the  Liquid 
Water  Content  Analyzer  developed  by 
AF'GL  for  use  at  Wallops  Island  arc  in- 
cluded under  Weather  Radar  Techniques. 

AF'GL  is  concerned  not  only  with  test 
weather  but  also  with  target  weather.  It 
has  painstakingly  synthesized  the  se- 
quence of  erosion  weather  for  an  entire 
year  at  locations  representative  of  poten- 
tial target  areas.  These  data  arc  now  in 
use  by  SAMSO  and  other  agencies  as  a 
test  bed  for  systems  assessment. 

Special  methods  are  needed  for  gener- 
ating such  climatologies  because  hy- 
drometeor  water  content  is  not  a weath- 
er parameter  that  is  routinely  observed 
and  archived  by  the  operational  weather 
services.  The  meteorological  satellite  is  a 


particularly  promising  tool  for  circum- 
venting this  obstacle.  AF'GL  scientists 
have  devised  methods  whereby  erosion 
indices,  such  as  the  Finvironmental  Se- 
verity Index,  can  be  estimated  from 
metsat  data  alone  and  mapped  over 
virtually  the  entire  globe.  Results  of  the 
pilot  application  of  this  so-called  Satel- 
lite-Correlation Technique  so  impressed 
DDR&E  that  a whole  year  of  daily  maps 
is  now  in  production  for  potential  target 
areas  and  for  each  of  four  erosion  in- 
dices. While  the  technique  is  being  used 
in  this  instance  for  climatological  pur- 
poses, it  could  be  easily  adapted  to  real- 
time employment  in  the  forecasting 
mode  if  there  were  a need. 

AEROSOL  TECHNIQUES 

Aerosol  techniques  have  been  used  by 
AF'GL  to  increase  the  survivability  of 
aerospace  vehicles.  To  accomplish  this,  a 
dual  approach  has  been  employed.  First, 
methods  were  developed  to  uniformly 
dispense  aerosols  in  the  vicinity  of  the 
vehicle  to  improve  survivability.  Then 
measurements  were  made  on  the  de- 
crease of  vehicle  detectability  through 
the  use  of  the  dispensed  aerosols. 

While  aerosols  can  be  dispensed  in  a 
number  of  ways,  only  two  were  con- 
sidered where  uniform  flow  was  a con- 
sideration. The  first  was  as  a suspension 
of  the  solid  in  a freon  vehicle  which 
could  be  injected  as  a liquid.  When  this 
method  was  employed,  the  freon  was 
dispensed  through  a nozzle  at  a uniform 
rate,  and  if  the  particles  were  well  sus- 
pended in  the  liquid,  a uniform  suspen- 
sion of  aerosol  could  be  achieved  when 
the  freon  evaporated  in  the  atmosphere. 
This  method  proved  effective  and  as 
much  as  20  percent  of  the  solid  could  be 
suspended  in  the  freon  when  the  appro- 
priate emulsifying  agents  were  used. 
Since  our  basic  aerosol  dispensing  system 
was  designed  for  airborne  use,  the  freon 
suspension  dispensing  system  was  not 
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considered  to  be  the  best  possible  solu- 
tion to  the  problem  because  of  the  range 
penalties  incurred  by  the  aircraft  in 
carrying  the  80  percent  by  weight  of 
freon  needed  to  dispense  the  aerosol. 

Since  one  of  our  objectives  was  to 
carry  the  maximum  weight  of  aerosol 
with  a minimum  range  penalty,  a large 
part  of  our  effort  was  then  concentrated 
on  dispensing  a solid  powder  through 
pipes  and  nozzles  at  uniform  flow  rates. 
When  particles  are  decreased  in  size,  the 
surface  area  per  unit  mass  increases  and 
the  associated  surface  forces  in  the  pow- 
der also  tend  to  increase.  Since  we  were 
interested  in  uniformly  dispensing  sub- 
micrometer non-uniform  particles,  the 
agglomeration  problem  that  had  to  be 
overcome  was  considerable.  Deagglomer- 
ating  agents  with  extremely  small  diam- 
eters, uniform  charge,  and  spherical 
shape  were  developed  to  fluidize  the 
aerosols.  These  deagglomerating  agents 
promoted  fluidization  of  the  aerosols 
through  two  mechanisms.  They  first 
penetrated  the  interstices  of  the  aerosols 
and  because  of  their  spherical  shape 
acted  as  a lubricant  in  preventing  the  ir- 
regular surfaces  from  clumping  together. 
The  other  mechanism  in  the  fluidization 
of  the  aerosol  was  due  to  the  uniform 
negative  charge  on  the  deagglomerating 
agent.  This  placed  a negative  charge  on 
all  aerosol  particles  and  separated  the 
particles  electrostatically.  With  proper 
deagglomeration  and  the  selection  of 
optimum  tubing  design  and  nozzle  diam- 
eter, aerosols  could  be  dispensed  uni- 
formly at  flow  rates  as  low  as  one  ounce 
per  second.  The  limiting  factor  in  aerosol 
dispensing  was  the  ratio  of  particle  diam- 
eter to  nozzle  diameter.  For  any  particle 
diameter,  when  this  ratio  approached 
0.006,  clogging  of  the  nozzle  occurred. 

The  aerosol  flow  techniques  were  de- 
veloped concurrently  with  measurements 
on  the  survivability  of  vehicles  through 
the  use  of  these  aerosols.  Previous  flight 
test  data  showed  the  feasibility  of  aero- 
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sol  techniques  in  increasing  aircraft  sur- 
vivability. The  first  aerosol  dispensers 
used  in  these  tests  were  crude  models,  in 
which  a decaying  pressure  system  was 
used  and  the  aerosol  flow  as  a function 
of  time  was  exponential.  The  flow  rate 
started  out  extremely  high  initially  when 
the  aerosol  was  first  released  from  a 
pressurized  tank  and  then  dropped  off 
rapidly  as  the  pressure  decreased.  Be- 
cause of  the  extremely  high  flow  rates 
and  non-uniform  flow  it  was  impossible 
to  obtain  any  quantitative  data.  In  order 
to  obtain  the  quantitative  data  necessary 
for  the  evaluation  of  our  aerosol  tech- 
nique, a turbojet  engine  was  placed  in  a 
test  cell  at  Pease  AFB,  New  Hampshire. 
Measuring  equipment  was  set  up  in  a van 
behind  the  engine  so  that  the  aerosol  ef- 
fects could  be  measured.  The  variables 
introduced  in  these  tests  were  aerosol 
composition,  aerosol  size,  and  aerosol 
flow  rate.  Because  of  our  newly  devel- 
oped dispensing  techniques,  the  flow 
rates  were  kept  low  enough  to  preclude 
saturation  of  the  measuring  instruments. 
A series  of  measurements  was  made  with 
the  aerosols  and  the  results  of  the  initial 
tests  were  used  to  further  improve  the 
aerosols  and  injection  techniques.  A pre- 
liminary analysis  of  the  collected  data 
showed  that  aerosol  techniques  are  ef- 
fective in  increasing  aircraft  survivability. 
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A fifteen-fold  improvement  was  made  in 
aerosol  effectiveness  between  the  initial 
and  final  tests.  Because  of  this  improve- 
ment, the  weights  of  aerosol  necessary 
for  vehicle  survivability  are  quite  small 
and  do  not  impose  any  great  penalty  on 
the  using  aircraft. 

The  results  of  this  study  have  been 
turned  over  to  Air  Force  Avionics  Lab- 
oratory for  further  development.  It  is 
planned  to  fly  the  system  under  simu- 
lated combat  conditions  for  further 
evaluation  and  to  run  a trade-off  study 
against  more  conventional  survivability 
techniques. 
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.4  Relation  Between  Reflectivity  and  Mean  Fall  Speed 
in  Hail 

16th  Radar  Met.  Conf.,  Houston,  Tex.  (21-23  April 
1975) 

Falcone,  VT. J ,,J  r and  Carnevale,  R.  F . 

Atmospheric  Temperature  Inferring  from  Passive  Radio- 
metry 

6th  Conf.  on  Aerosp.  and  Aero.  Met.,  El  Paso,  Tex. 

(12-1  4 November  1974) 
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Fitzgerald,  D.  R. 

Electrical  Structure  of  Large  Overwater  Shower  Clouds 
5th  Inti.  Conf.  on  Atm.  Elec.,  Garmisch-Partcnkirchen, 
Ger.  (2-7  September  1974) 


Glover.  K.  M.,and  J agodnik,  A. J ..Novick, 

L.  R.  (Raytheon  Co..  Way  land,  Mass.) 

.4  Weather  Radar  Scan  Converter /Color  Display 
16th  Radar  Met.  Conf.,  Houston,  Tex.  (21-23  April 
1975) 

GROGINSKY,  II.  L.,  NOVICK,  L.  R..  (Raytheon 
Co.,  Wayland,  Mass.)  and  GLOVER,  K.  M. 

Spectral  Mean  and  Variance  Estimation  Via  Pulse  Pair 
Processing 

16th  Radar  Met.  Conf.,  Houston,  Tex.  (21-  23  April 
1975) 

Haugen,  D.  A„ and  Kaimal,  J.C. 

Measurement  of  the  Temperature  Structure  Parameter 
with  an  Acoustic  Echo  Sounder 
16th  Conf.  on  Radar  Met.,  Houston,  Tex.  (21-23 
April  1975) 


Haugen.  I).  A., Kaimal.  J . C., and  Readings, 

C.J  . (Met.  Res  Unit,  Bedford,  Eng.) 

An  b.xpenmental  Study  o/  the  Planetary  Boundary 
Layer 

55th  Ann.  Mtg.  of  the  Am.  Met.  Soc.,  Denver,  Colo. 
(20-23  January  1975) 


Haugen,  I).  A.,  Kaimal.  J . C.  and  Readings, 

C.J  .,  MARKS,  A.  J . (Met.  Res.  Unit,  Bedford,  Eng.) 
The  Minnesota  1973  Atmospheric  Boundary  Layer  Ex- 
periment 

8th  AFCRI.  Sci.  Balloon  Symp.,  Hyannis,  Mass.  (30 
September  -3  October  1974) 

Kaimal,  J . C.,  and  Haugen,  D.  A. 

Evaluation  of  an  Acoustic  Doppler  Radar  for  Measuring 

Winds  in  the  Lower  Atmosphere 

16th  Conf.  on  Radar  Met.,  Houston,  Tex.  (21-23  April 

1975) 


Klein,  M.  M.,  and  Kunkel,  B.  A. 

Interaction  of  a Buoyant  Turbulent  Jet  with  a Co-Flow- 
ing Air  Stream 

27th  Ann.  Mtg.  of  the  Div.  of  Fluid  Dyn.,  Calif.  Inst, 
of  Technol.,  Pasadena,  Calif.  (25-27  November  1974) 
Similarity  and  Scaling  for  a Heated  Turbulent  Buoyant 
Planar  Jet  in  the  Presence  of  a Co-Floudng  Air  Stream 
Am.  Phys.  Soc.,  Div.  of  Fluid  Dyn.,  28th  Ann.  Mtg., 
Univ.  of  Md..  College  Pk.,  Md.  (24-26  November  1975) 


LEE,! . 1 . (Natl.  Severe  Storms  Lab.,  Stillwater,  Okla.), 

and  Kraus,  M.J. 

Plan  Shear  Indicator  and  Aircraft  Measurements  of 
Thunderstorm  Turbulence:  Experimental  Results 
16th  Radar  Met.  Conf.,  Houston,  Tex.  (21-23  April 
1975) 

LEVITON,  R.,  and  KENNEDY,  B.  W.  (U.  S.  Army 
Atm.  Sci.  Lab.,  White  Sands  Missile  Range,  N.  M. ) 
International  Comparison  of  Meteorological  Rocket 
Sensors 

Conf.  on  the  Upper  Atm.  (Am.  Met.  Soc.),  Atlanta,  Ga. 
(30  September  - 4 October  1974) 


. I 1st  Lt„  Barnes,  A.  A.,  I r ., 
,1.1).  J 
Water  Content  and  Reflectivity  Measurement  by 
" Chirp  ” Radar 

16th  Radar  Met.  Conf.,  Houston,  Tex.  (21-23  April 
1975) 

Moroz,  E.  Y.,and  Travers,  G.  A. 

I idar  I*rograms  at  AFCRL  for  Measurement  of  Cloud 
Height  and  Slant  Visual  Range 

7th  Inti.  Laser  Radar  Conf.,  Stanford  Res.  Inst.,  Menlo 
Pk.,  Calif.  (4-7  November  1975) 


Metcalf, J 
and  Nelson 


MOROZ,  E.  \ ..and  ViEZEE,  \V.  (Stanford  Res. 
Inst.,  Menlo  Pk.,  Calif.) 

Experimental  Evaluation  of  the  Lidar  Technique  for 
Determining  Slant  Visual  Range 

1974  Inti.  laaser  Radar  Conf.  (6th  Conf.  on  Laser  Atm. 
Studies),  Sendai,  Jap.  (3-6  September  1974) 

Muench,  H.  S. 

Objective  forecasting  from  Digital  Rudar  Presentations 
The  6th  Natl.  Conf.  on  Wea,  Forecasting  and  Analys., 
Am.  Met.  Soc.,  Albany,  N.  Y.  (10-14  May  1976) 


Poes,  K. 

An  Overview  of  the  l.oki-Dart  Meteorological  Rocket 
Sounding  System 

4th  laatvian  Conf.  of  Sci.  and  Technol.,  McGill  Univ., 
Montreal,  Quc.,  Can.  (31  July  - 2 August  1976) 


Shapiro,  R. 

Climate  Dynamics  and  the  General  Circulation  of  the 
A tmosphere 

Sigma  Xi  Sp.  Lecture,  Boston  Univ.,  Boston,  Mass. 
(22  March  1976) 


Kunkel,  B.  A. 

Optimization  of  a Thermal  Fog  Dispersal  System 
4th  Conf.  on  Wea.  Mod.,  Ft.  Uuderdale,  Fla.  (18-21 
November  1974) 


Silverman,  B.  A. 

Air  Force  Thermal  Fog  Dispersal  System  for  Airports 
4th  Conf.  on  Wea.  Mod.,  Ft.  Lauderdale,  Fla.  (18-21 
November  1974) 
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Valovcin,  F.  R. 

Direct  Application  of  VTPR  Data 

6th  Conf.  on  Aerosp.  and  Aero.  Met.,  El  Paso,  Tex. 

(12-14  November  1974) 


Weinstein,  A.  I. 

Projected  Utilization  of  Warm  Fog  Dispersal  at  Major 
A ir ports 

6th  Conf.  on  Aerosp.  and  Aero.  Met.,  El  Paso,  Tex. 
(12-14  November  1974) 

Air  Pollution  and  Warm  Fog  Dispersal 

4th  Conf.  on  Wea.  Mod.,  Ft.  Lauderdale,  Fla.  (18-21 

November  1974) 

AFCRL  Fog  Program 

3rd  Ann.  Conf.  on  the  Phys.  of  Marine  Fogs,  Naval 
Elect.  Lab.  Ctr.,  San  Diego,  Calif.  (7-8  January  1975) 
R&D  Efforts  at  AFCRL  Related  to  Fog 
4th  Ann.  Marine  Fog  Investigation  (MF1)  Conf.,  Lab. 
of  Atm.  Phys.,  Desert  Res.  Inst.,  Reno,  Nev.  (6-7 
January  1976) 

The  Air  Force  Geophysics  Laboratory  (AFGL)  Weather 
Test  Facility 

Ann.  Army-Natl.  Guard  Safety  Conf.,  Otis  AFB,  Mass. 
(16  May  1976) 

Weinstein,  A.  I.,  and  Kunkel,  B.  A. 

Fog  Dispersal  - Modem  Implementation  of  Proven 
Concepts 

Intersoc.  Conf.  and  Exposition  on  Transp.,  Los 
Angeles,  Calif.  (18-23  July  1976) 

Weinstein,  A.  I.,  Kunkel,  B.  A., and  Klein, 
M.NL 

A Modem  Thermal  Fog  Dispersal  System  for  Airports 
Inti.  Symp.  on  Wea.  Mod.,  Grenoble,  Fr.  (5  Septem- 
ber 1975) 

Wyngaard.J.C. 

Optical  Turbulence  Parameters  in  the  Planetary 
Boundary  Layer:  Some  Theory  and  Observations 
Opt.  Propagation  Through  Turbulence  Mtg.,  Univ.  of 
Colo.,  Boulder,  Colo.  (8- 13  July  1974) 

WYNGAARU,  J.  C.,  and  ARYA.  S.  P.  S.  (Univ.  of 

Wash.) 

Effect  of  Baroclinicity  on  Wind  Profiles  and  the 
Geostrophic  Drag  Law  for  the  Convective  Planetary 
Boundary  Layer 

Am.  Geophys.  Union  1974  Fall  Ann.  Mtg.,  San 
Francisco,  Calif.  (12-17  December  1974) 

WYNGAARD,  J . C.,  and  COTE,  O.  R. 

A Planetary  Boundary  Layer  Model 

Symp.  on  Atm.  Diffusion  and  Air  Pollution  (Am.  Met. 

Soc.),  Santa  Barbara,  Calif.  (9-13  September  1974) 


TECHNICAL  REPORTS 
JULY  1974-  JUNE  1976 


Barnes,  A.  A.,  J r„  and  Metcalf,  J . I.,  Capt. 

ALCOR  High  Altitude  Weather  Scans.  AFCRL/A.N.T. 
Report  No.  1 

A FC RL-T R- 7 5 -064 5 (31  December  1975) 

Barnes,  A.  A.  Tr„  Metcalf, J.  I.,  1st  Lt., 
and  Nelson,  L.  l). 

Aircraft  and  Weather  Data  Analysis  for  PVM-5.  AFCRL / 
Minuteman  Report  No.  I 
AFCRL-TR-74-0627  (23  December  1974) 

Barnes,  A.  A„  I r„  Nelson.  L.  D., and 
Metcalf. J.  1„  1st  Lt. 

Weather  Documentation  at  Kwajalein  Missile  Range 
AFCRL-TR-74-0430  (12  September  1974) 

BERKOFSKY.  L. 

A Numerical  Forecasting  Model  for  Operational  Use 
in  the  Tropics 

AFCRL-TR- 74-03 98  (16  August  1974) 

Berthel.  R.  O. 

A Climatology  of  Selected  Storms  for  Wallops  Island, 
Virginia,  1971  1975 
AFGL-TR-76-01 18  (2  June  1976) 

Boucher,  R.J. 

Evaluation  of  Clear  A ir  T urbulence  Detection  by 
Ground-Based  Radars,  Special  Rawinsondes,  and  Air- 
craft. 1967-1971 

AFCRL  TR-74-0489  (1  October  1974) 

Bunting, J.T., and  Conover, J. H-. 

The  Use  of  Satellite  Data  to  Map  Excessive  Cloud  Mass 
AFCRL-TR- 76-0004  (6  January  1976) 


Chisholm,  D.  A. 

Objective  Prediction  of  Mesoscale  Variations  of  Sensor 
Equivalent  Visibility  During  Advective  Situations 
AFGL-TR-76-01 32  (23  June  1976) 

Chisholm,  D.  A„  and  J acobs,  L.  P. 

An  Evaluation  of  Scattering  -Type  Visibility  Instru- 
ments 

AFCRL-TR-75-041 1 (31  July  1975) 


Church, J.  F.,  Lt.  Col..  Pocs,  K.  K.,and 
Spatola.  A.  A. 

The  Continuous  Aluminum-Foil  Hydrometeor  Sampler; 
Design,  Operation,  Data  A nalysis  Procedures,  and  Oper- 
ating Instructions 

AFCRL-TR- 75-03 70  (1 1 July  1975) 
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Conover,  J.  H. 

Specification  of  Current  and  Future  Cloud  Amounts 
and  Ceilings  from  Satellite  Data 
AFCRL-TR  75-0626  (9  December  1975) 

Donaldson,  R.  J„  Jr.,  Dyer,  R.  M.,  and 
Kraus.  M.J. 

Operational  Benefits  of  Meteorological  Doppler  Radar 
AFCRL-TR-75-0103  (21  February  1975) 

Fitzgerald.  1).  R. 

Electrical  Structure  of  Large  Oceru  ater  Shou  er 
Clouds 

AF'CRL-T R- 74-0390  (19  August  1974) 

Experimental  Studies  of  thunderstorm  Electrification 

AFGL-TR- 76-0 128  (22June  1976) 

1 lAUGEN.  1).  A„  KaIMAI.,  J . C.,  and  READINGS. 
C.  J.,  Marks.  A.J.  (Met.  Res.  Unit.  RAF,  Cardington 
Bedford,  Eng.) 

The  Minnesota  1973  Atmospheric  Boundary  Layer 
Experiment 

Proc.,  8th  AFCRL  Sti.  Balloon  Symp..  30  Sept,  to 
3 Oct.  19  74,  AKCRL-TR- 74-0393  (21  August  1974) 

IZUMI,  V.,  and  CAUGHEY.J.  S.  (Met.  Res.  Unit. 
RAF  Cardington,  Bedford,  Lng.) 

Minnesota  1973  Atmospheric  Boundary  Layer  Experi- 
ment Data  Report 

AFCRL  TR  76-0038  (21  January  1976) 

Klein,  M.  M..and  Kunkel,  B.  A. 

Interaction  of  a Buoyant  Turbulent  Planar  Jet  u ith  a 
Co-flowing  Wind 

AFCRI.-TR- 75-0368  (10  July  1975) 

Interaction  of  a Buoyant  Turbulent  Hound  Jet  with  a 
Co- flowing  Wind 

AFCRL-TR  75-0581  (11  November  1975) 


Metcalf,  | . I„  Capt.,  Barnes,  A.  A..  | k..  and 
Kraus.  M.J. 

Final  Report  ofPVM-4  and  PVM  1 W tat  her  Documen- 
tation. AFCR L/Minuteman  Rtport  \.».  2 
AFCRI.  LR  75-0097  (19  February  1975) 

Final  Report  of  STM  SW  Weather  Dm  umentation. 
AFCRL (Minuteman  Rtport  So,  J 
AFCRL-TR  75  0207  (1  1 April  1975 » 

Final  Report  of  PVM  » Weather  Dot  umentation. 
AFCRI  Minuteman  Report  \o.  4 

AFCRL-TR  75-0302  (28  Ma%  1975 » 


Metcalf.  J . 1 ..  Capt  . Kraus.  M.  | ..  and 
Barnes.  A.  A„  Jr 

Einal  Report  of  OT-45.  PVM-8,  and  RVTO  Weather 
Documentation.  AECRL/Minuteman  Report  Xo.  3 
AFCRI.-TR-75-OS88  (23  July  1975) 


Einal  Report  of  PVM-6  and  PVM  1 Weather  Documen- 
tation. AFCRL/Minuteman  Report  No.  6 
AFCRL-TR- 7 5-0481  (11  September  1975) 

Moroz,  E.  \ and  I ravers,  G.  A. 

Measurement  of  Cloud  Height 
A FCRL-TR-7 5 0306  (29  May  1975) 

Morrissey,  J . F.,and  Weiss,  B.  D. 

Dropsonde  Wind  Measurements  L'sing  Omega /I.oran 
Tracking 

AFCRL TR-75-0996  (19  February  1975) 

Mudrick,  S. 

On  the  Use  of  a Scale-Dependent  Enter  in  Channel 

Model  Integrations 

AFCRL-T R- 7 5-02 1 4 (16  April  1975) 


Peirce. R.  M.,1  eniiard.  R.  W.,and  Weiss, 

B.  I). 

Comparison  Study  of  Models  I'scd  to  Prescribe 
Hy d ro m eteor  Water  Content  Values.  Part  I: 

Preliminary  Results 

AFCRL-TR-75-0470  (5  September  1975) 

Plank.  V.G. 

l iquid  Water-Content  and  //>  drometeor  Size  Distri- 
bution Information  for  the  SAMS  Missile  Flights  of  the 
1971-72  S»aso  n at  1 1 allops  Island , l ’ irginia . A FCRL/ 
SAMS  Report  Vo.  3 
AFCRL-TR- 74-0296  (2  July  1974) 

Plank,  V.  G„  and  Spatola.  A.  A. 

Observations  of  the  Xatural  Dissipation  of  Appalai  hian 
Valley  Fog 

AFGL-TR- 76-0 100  (3  May  1976) 


Shapiro.  R. 

Comparison  of  Strategies  in  Xurncncal  Integration 
a Xonlinear  Advection  Equation 
AFCRL  TR  75*0212  (15  April  1975) 


Tahnk.W.  R , Capt. 

Objective  Prediction  of  Line  Seale  Variations  in 

Radiation  Fog  Intensity 

AFCRI  TR  75-0269  (12  Ma\  1975) 

Weinstein,  A.  E 

Projected  Interruptions  in  Airport  Runway  Operations 
Du*  to  Fog 

AFCRL-TR  75-0198  (8  April  1975) 
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Yee,  S.  Y.  K. 

An  N- Level  Quasi-Geos  trophic  Model  Suitable  for 
Operational  Use 

AFCRL  TR-74-0525  (22  October  1974) 

The  Use  of  a Balance  Equation  Model  in  Mumerical 
Weather  Prediction 
AFCRLTR  75-0424  (August  1975) 

.4  Shooting  Method  for  the  Solution  of  a Discrete 
Poisson  Equation  on  the  Surface  of  a Sphere 
AFGL-TR-76  0035  (23  Fcbruarv  1976) 


Weinstein,  A.  I.,  and  Hicks,  j . R.  (Corps  of 

Engrs.,  U.  S.  Army  Cold  Reg.  Res.  and  Engrg.  Lab., 
Hanover,  N.  H.) 

Compressed  .1  ir  for  Supercooled  Fog  Dispersal 
AFCRL-TR- 7 5-0561  (22  October  1975) 

Yang,  C.  H. 

A Proposed  Procedure  for  Diagnosis  and  Improvement 
of  Dynamical  Prediction  Models 
AFGL-TR  76-0079  (13  April  1976) 


1 lie  1 errestrial  Sciences  Division  con- 
ducts research  in  geodesy,  gravity,  seis- 
mology. and  geology.  Activities  cover  a 
wide  range  of  efforts  on  the  earth’s 
surface,  subsurface  and  near  atmosphere 
supporting  the  deployment,  operation, 
and  delivery  of  Air  Force  weapons. 
These  efforts  involve  the  collection  and 
interpretation  of  geophysical  data,  the 
application  of  mathematical  models  to 
actual  physical  phenomena,  and  the 
development  and  testing  of  new  instru- 
mentation for  experimental  studies. 
Division  scientists  conduct  field  expedi- 
tions that  are  sometimes  worldwide  in 
extent  to  collect  data.  1'hey  conduct 
experimental  studies  in  the  laboratory, 
in  the  field,  and  aboard  aircraft  or  satel- 
lite vehicles.  The  Division  maintains  close 
working  relations  with  many  organiza- 
tions within  the  government  and  the 
civilian  sector. 

The  reporting  period  saw  an  increasing 
sophistication  and  sensitivity  in  Air  Force 
systems.  This  necessitated  advanced 
research  on  terrestrial  effects  constraining 
their  use.  A high  priority  was  assigned  to 
earth  motion  effects  on  inertial  guidance 
systems.  The  increased  emphasis  included 
both  natural  and  man-made  motion 
effects,  and  both  current  and  proposed 
missile  systems.  Geodetic  and  gravimetric 
programs  consisting  of  both  theoretical 
studies  arid  hardware  development  pro- 
vided more  accurate  descriptions  of  the 
size  and  shape  of  the  earth,  located  posi- 
tions on  the  earth's  surface  to  greater  ac- 
curacies, and  better  defined  the  earth’s 
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gravity  potential.  Seismological  and  geo-  tories.  The  Terrestrial  Sciences  Division 

logical  efforts  became  strongly  oriented  also  participates  with  the  International 

to  better  understanding  seismic  wave  Gravity  Commission  in  the  development 

interaction  with  structures,  the  deforma-  of  a world-wide  gravity  reference  net- 

tion  of  the  earth  s crust  at  long  periods,  work.  A world-wide  system  of  earth-tide 

and  the  specific  ellects  of  such  phenom-  profiles  is  being  established  in  coopera- 

ena  on  various  weapon  systems.  At  the  tion  with  the  International  Center  for 

end  of  this  reporting  period,  work  Earth  Tides,  Brussels,  Belgium, 

related  to  nuclear  test  detection  and  geo-  Satellite  Altimetry:  A geodetic  satellite 
logical  siting  was  phased  out.  has  been  specially  instrumented  to  make 

altitude  measurements  over  oceans.  The 
GEODESY  AND  GRAVITY  radar  altimeter  readings  from  this  satellite 

can  be  used  to  determine  the  shape  of 
Geodesy  is  concerned  with  the  size.  the  ocean's  surface,  thereby  having  appli- 

shape,  and  mass  distribution  of  the  earth.  cations  in  geodesy,  geophysics  and 

Accurate  geodetic  information  is  a neces-  oceanography.  The  only  satellite  with  an 
sary  foundation  for  accurate  determina-  on  hoard  altimeter  specially  designed  for 
tion  of  position,  distance,  and  direction  this  purpose  is  GEOS-3,  which  was 

for  launch  sites,  tracking  sensors,  and  launched  in  April  1975. 

targets.  The  geodetic  and  gravimetric  If  the  earth  were  all  water,  right  to  its 

parameters  for  the  earth  and  geodetic  center,  meat'  sea  level  would  be  a sphe- 

information  for  positioning  not  only  roid  of  revolution.  However,  the  earth  is 

form  the  structural  framework  for  map-  largely  solid  and  supports  density  varia- 

ping,  charting,  and  navigational  aids,  but  tions  in  continental  areas  and  under 

are  also  direct  data  inputs  for  missile  oceans.  These  density  variations  cause 

inertial  guidance  systems.  Current  geo-  mean  sea  level  to  vary  by  scores  of  meters 

detic  information  is  inadequate  to  from  its  reference  spheroid.  The  equipo- 

meet  the  requirements  of  future  USAF  tential  surface,  which  is  the  extension  of 

weapon  systems.  mean  sea  level  throughout  the  earth,  is 

The  Division  maintains  continuing  re-  called  the  geoid.  The  undulations  of  this 

search  and  development  programs  in  geoid  from  the  reference  spheroid  are 

geometric  geodesy  and  in  physical  related  to  the  earth’s  gravity  field,  and 

geodesy  (or  gravity).  These  programs  are  the  relationship  has  been  a principal  topic- 

directed  towards  improving  both  funda-  of  investigation  by  physical  geodesists, 

mental  knowledge  of  earth  size,  shape,  who  have  devised  means  for  determining 

and  mass  parameters,  and  also  techniques  the  spheroid -geo  id  separations  from  gravi- 

for  determining  position,  distance,  and  metric  measurements.  Now,  satellite  alti- 

direction  on  the  earth  s surface  and  in  metry  can  be  used  to  measure  the  shape- 

terrestrial  and  inertial  three-dimensional  of  the  geoid,  or  an  oceanic  portion  of  it, 

coordinate  systems.  so  Vvc  can  calculate  the  earth’s  gravity 

Continuing  cooperation  and  participa-  field  from  spheroid -geo  id  separations, 
tion  by  AFGL  is  required  in  the  National  The  GEOS-3  radar  altimeter  is  designed 

Geodetic  Satellite  Program,  together  with  to  measure  the  satellite’s  distance  above 

the  Defense  Mapping  Agency,  the  Army,  sea  level  to  a fraction  of  a meter.  If  the 

the  Navy,  the  National  Aeronautics  and  satellite’s  orbit  can  be  independently 

Space  Administration,  the  National  established  from  the  ground,  or  from 

Oceanic  and  Atmospheric  Administra-  satcllite-to-satellitc  tracking  to  about  1 

tion,  the  U.  S.  Geological  Survey,  other  meter  accuracy,  the  determination  of  the 

civilian  agencies  and  academic  observa-  shape  of  the  mean  sea  level  is  a straight- 
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forward  procedure.  However,  standard 
global  tracking  nets  cannot  achieve 
1 -meter  orbital  accuracies,  so  the  high 
precision  requires  denser  nets,  satellite- 
to-satellite  tracking,  or  other  advanced 
schemes. 

At  AFGl.,  the  approach  to  satellite 
altimetry  has  been  to  assume  that  ground 
tracking  is  only  good  enough  to  achieve 
orbital  accuracies  of  about  20  meters; 
this  is  easy  and  routine.  If  we  knew  the 
position  and  momentum  of  the  satellite 
at  any  epoch,  and  integrated  the  satellite 
motion  over  a short  arc  (less  than  one 
quarter  of  a revolution),  we  could  recover 
the  position  of  the  satellite  to  within 
about  1 meter  over  the  entire  arc. 
Although  the  position  and  momentum 
of  the  satellite  on  the  short  arc  are  not 
known  with  adequate  precision,  by  com- 
paring altitudes  from  a number  of  inde- 
pendent, interlocking  short  arcs,  we  have 
available  data  to  refine  our  knowledge  of 
position  and  momentum  and  improve 
our  ability  to  determine  the  short  arcs. 
Where  two  short  arcs  cross,  the  difference 
in  measured  altitudes  to  sea  level  is  the 
vertical  distance  between  the  two  arcs. 
The  vertical  inter-orbit  ties  provide  a 
rather  tight  interlocking  net  of  arcs, 
particularly  in  the  very  important  vertical 
direction.  Subtracting  the  altimeter  mea- 
surements from  this  net  gives,  finally , the 
shape  of  the  ocean  surface. 

In  practice,  the  oceanic  geoid  is  deter- 
mined from  the  satellite  altimeter  mea- 
surements in  one  simultaneous  least 
squares  reduction.  Both  the  shape  of  the 
geoid  and  weakly  constrained  position 
and  momentum  values  are  estimated 
simultaneously,  defining  hundreds  of  in- 
dependent, interlocking  short  arcs.  Pat- 
terned characteristics  of  the  normal  equa- 
tions make  such  a massive  solution  pos- 
sible. The  AFGL  program  for  Short  Arc 
Reduction  of  Radar  Altimetry  is  called 
SARRA. 

Altimetry  observations  over  two  por- 
tions of  the  Indian  Ocean  and  one  portion 


of  the  North  Atlantic  have  been  processed 
with  the  SARRA  computer  program.  The 
results  confirm  that  highly  accurate 
reference  orbits  are  not  required  for 
SARRA  reductions.  Plots  of  residuals 
after  the  adjustment  showed  that  the 
noise  of  the  altimeter  measurements  in 
recovering  the  Indian  Ocean  and  a portion 
of  the  North  Atlantic  geoid  range  from 
1.0  to  1.5  meters.  Also,  the  recovered 
geoid  of  the  interior  portion  of  each  area 
generally  agreed  with  information  about 
the  geoid  derived  from  other  sources. 

Once  the  oceanic  geoid  is  established 
by  satellite  altimetry,  AFGL  will  combine 
this  information  with  other  existing  phy- 
sical geodesy  material  to  determine  the 
gravity  field  of  the  earth.  The  most  obvi- 
ous and  effective  supplementary  observa- 
tions are  gravity  measurements.  Such  ob- 
servations are  most  available  and  most 
accurate  over  land— precisely  where 
satellite  altimetry  is  not  useful.  Another 
source  of  information  is  predetermined 
geocentric  coordinates  of  any  satellite 
stations  that  are  located  on  a leveling  net 
tied  to  mean  sea  level. 

The  utilization  of  radar  altimetry  by 
itself,  and  in  combination  with  existing 
gravity  material  is  also  being  examined 
by  developing  equations  that  relate  sur- 
face density  values  to  geoid  undulations 
and  gravity  anomalies. 

Present  levels  of  observational  accuracy 
make  satellite  altimetry  much  more 
sensitive  to  the  shape  of  the  earth  than 
gravimetry;  a 1 -meter  rms anomaly  height 
over  an  area  of  1 square  degree  tells  much 
more  about  the  shape  of  the  earth  than 
the  same  square  with  a 3 milligal  rms 
gravity  anomaly.  (One  milligal  equals  10'3 
cm/sec2  or  about  one-millionth  of  the 
earth’s  surface  gravity.)  Because  this  rela- 
tive information  content  applies  to  the 
description  of  the  earth’s  gravity  field  as 
well,  satellite  altimetry  will  make  signifi- 
cant contributions  to  gravity  mapping. 

Laser  Ranging  and  Radio  Interfero- 
metry: Highly  accurate  distance  measurc- 
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merits  of  the  moon  and  high  artificial 
satellites,  made  by  earth-based  laser  ran- 
ging telescopes,  and  accurate  angular 
measurements  by  radio  interferometers 
may  soon  produce  significant  advances 
in  geodesy  and  geodynamics.  Measure- 
ments accurate  to  a few  centimeters  are 
expected  during  the  next  three  years, 
which  will  allow  us  to  measure  solid-earth 
tides  and  continental  drift,  as  well  as  to 
improve  our  knowledge  of  variations  in 
the  earth's  rotation  rate  and  polar  motion. 

AFGL  participated  in  the  NASA  Lunar 
Laser  Ranging  Experiments.  Since  1970, 
more  thean  1700  range  measurements 
have  been  made  between  the  McDonald 
Observatory  in  Texas  and  four  of  the 
retroreflectors  placed  on  the  moon  by 
the  Apollo  and  Soviet  space  missions. 
AFGL  scientists  have  analyzed  these  data 
using  the  Planetary  Ephemeris  Program, 
a large  software  package  developed  under 
contract  by  AFGL  and  other  DOD  agen- 
cies. The  data  analysis  has  significantly 
improved  our  knowledge  of  the  lunar 
orbit  and  physical  libration,  the  coordi- 
nates of  the  McDonald  Observatory,  the 
principal  term  in  the  earth’s  gravity  field, 
and  day-to-day  variations  in  the  earth’s 
rotation  rate.  AFGL’s  analysis  of  lunar 
ranging  data  also  produced  the  first  veri- 
fication of  the  Principle  of  Equivalence 
for  massive  bodies,  the  cornerstone  of 
Einstein’s  General  Theory  of  Relativity. 
This  significant  scientific  achievement 
was  reported  in  both  academic  and  pop- 
ular publications.  The  AFGL  lunar  laser 
telescope,  operated  in  Arizona  between 
1968  and  1972,  has  been  refurbished  by 
Australian  geodesists  and  is  now  in  oper- 
ation near  Canberra.  Laser  ranges  from  a 
southern  hemisphere  observatory  will 
allow  analyses  of  the  lunar  data  to  make 
separate  determinations  of  variations  in 
the  earth’s  rotation  and  movement  of 
the  pole. 

Complementing  the  lunar  ranging 
experiment  is  an  extensive  NASA-DOD 
program  for  laser  ranging  to  earth  satel- 


lites. The  launch  of  the  high-altitude, 
high  mass  density  Laser  Geodetic  Satellite 
(LAGEOS)  in  1976  has  provided  a target 
whose  orbit  is  relatively  free  from  the 
effects  of  atmospheric  drag  and  small- 
scale  variations  in  the  earth’s  gravity  field, 
allowing  range  measurements  for  geodesy 
accurate  to  5 to  10  centimeters.  Data 
from  LAGEOS  observations  should  be 
available  within  the  next  two  years  and 
will  be  analyzed  at  AFGL. 

A third  advanced  technique  which  has 
been  used  for  geodetic  measurements  is 
very -long-baseline interferometry  (VLBI). 
VLBI  determines  the  three-dimensional 
position  of  one  radio  telescope  relative 
to  another  using  observations  of  distant 
radio  sources  such  as  quasars.  AFGL  is 
supporting  the  development  of  a very  ac- 
curate VLBI  system.  Geodetic  positions 
have  been  determined  within  one  meter 
over  continental  distances  and  a few  cen- 
timeters over  a distance  of  several  kilo- 
meters by  analyses  of  data  already  ob- 
tained. Variations  in  earth  rotation  have 
also  been  determined  from  VLBI  data. 

Many  geodetic  parameters,  such  as  the 
coordinates  of  observing  stations  and  the 
earth's  instantaneous  pole  of  rotation, 
can  be  determined  most  efficiently  by 
combining  several  types  of  data  during 
analyses.  The  Planetary  Ephemeris  Pro- 
gram will  be  used  at  AFGL  to  perform 
simultaneous  least  squares  solutions  for  a 
large  number  of  parameters,  using 
lunar  laser  ranging,  satellite  laser  ranging, 
and  VLBI  data. 

Absolute  Gravimetry:  AFGL  has  de 
veloped  a new  second  generation  abso- 
lute gravity  measuring  system.  The 
method  used  for  measurement  is  to  drop 
one  reflector  of  a two-beam  Michelson 
interferometer  and  determine  the  dis- 
tance fallen  in  known  time  intervals  by 
direct  measurements  of  interference 
fringes. 

The  first  generation  AFGL  instrument 
was  designed  for  an  accuracy  of  better 
than  ± 0.05  milligal.  It  was  transported 
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to  eight  different  sites,  and,  after  one  to 
two  weeks  total  setup,  operate,  and  take 
down  time,  determined  absolute  gravity 
values  to  within  its  design  accuracy  at 
most  sites.  The  apparatus  required  about 
20  containers  for  shipment,  with  a total 
weight  of  about  2,500  pounds. 

The  new  AFGL  instrument  was  de- 
signed to  decrease  the  lime  required  to 
obtain  an  absolute  value  of  gravity  while 
retaining  a precision  at  least  as  good  as 
the  first  generation  instrument.  Observa- 
tion time  has  been  reduced  to  about  two 
or  three  days  and  the  total  weight  has 
been  reduced  to  at  most  800  pounds. 
Radical  changes  in  the  mechanical  de- 
sign, state-of-the-art  electronics  and  com- 
puting equipment  have  made  the  weight 
reduction  possible. 


The  free-falling  chamber  containing  the  cube 
corner  reflector  in  the  second-generation  abso- 
lute gravity  measuring  instrument.  The  inner- 
and-outcr  chamber  design  permits  operation 
in  a moderate  vacuum  rather  than  an  ultra 
high  vacuum.  The  retforeflector  then  moves 
only  very  little  with  respect  to  the  inner  cham- 
ber and  air  resistance  forces  are  minimized. 
The  springs  are  released  at  the  same  time  as 
the  outer  chamber,  pulling  the  inner  chamber 
down  from  thr  rrtrorrfirt  tor. 


The  mechanical  design  focused  on 
eliminating  the  need  for  an  ultra-high 
vacuum.  This  removes  the  weight  (ap- 
proximately 100  pounds)  of  the  high 


vacuum  pump  and  cuts  the  time  of  ob- 
servation by  at  least  one  full  day.  A 
much  wider  range  of  materials  can  be 
used  in  the  vacuum  chamber,  thereby 
simplifying  its  operation. 

This  need  for  a high  vacuum  was  elim- 
inated by  enclosing  the  freely  falling 
reflector  in  a small  evacuated  chamber 
which  falls  along  with  the  reflector. 
They  both  fall  in  a larger  vacuum  cham- 
ber, but  since  the  air  which  comes  into 
contact  with  the  falling  object  is  falling 
w ith  the  acceleration  of  gravity,  air  resis- 
tance cannot  affect  the  measurement. 
Although  the  mechanism  required  for 
separating  the  reflector  from  the  small 
chamber  during  the  fall  is  somewhat 
elaborate,  it  is  very  reliable  and  has  with- 
stood countless  cycles  of  operation. 

The  electronics  system  makes  digital 
time  measurements  between  a large 
number  (about  750)  of  interference 
fringes  and  thus  allows  for  extensive 
averaging  of  seismic  effects  as  well  as 
theoretically  giving  an  independent  meas- 
urement of  thegravity  gradient.  The  digi- 
tal data  arc  processed  between  each  drop 
by  an  on-line  minicomputer. 


mi* 


Second  generation  laser  interferometer  gravit> 
system:  The  three  transportable  electronic'* 
racks  each  weigh  about  I 50  pounds  and  c an 
be  handled  by  two  persons.  Thr  other  tom 
ponrnts  will  have  suitable  shipping  cases  also. 


I he  system  is  being  thoroughly  gradient  from  a moving  base.  I'he  con- 

checked  out  in  the  laboratory  before  it  is  cept  of  an  airborne  gravity  gradiometer 

taken  to  remote  sites.  The  drop-to-drop  is  especially  attractive  for  geodesists  and 

scatter  in  the  data  has  been  as  small  as  geophysicists  who  need  high  resolution 

- 0.08  mgal  and  the  reproducibility  of  gravity  data  over  extensive  areas  in  short 

average  measured  values  has  been  better  periods  of  time.  Airborne  gravimeters 

than  0.1  milligal.  The  electronics  and  have  been  limited  in  their  success  be- 

computation  subsystems  have  been  cause  aircraft  accelerations  cannot  be 

shown  to  allow  an  absolute  accuracy  of  directly  discriminated  from  gravity  accel- 

0.001  milligal,  so  that  the  effects  which  erations,  and  complex  data  filtering  tech- 

will  limit  the  accuracy  lie  in  the  mechan-  niques  are  required.  A properly  designed 

ical  subsystem.  moving  base  gravity  gradiometer  would 

not  detect  linear  aircraft  accelerations 
and  so  would  be  free  from  this  impor- 
tant limitation  of  airborne  gravimetry. 
MOVING  BASE  GRAVITY  On  the  other  hand,  gradiometers  are  very 

GRADIOMETER  sensitive  to  rotation;  but  aircraft  rota- 

tions can  be  detected  by  inertial  instru- 
If  the  gradients  of  the  terrestrial  gravity  mentation  and  compensated  for  in  real 
field  could  be  measured  from  a moving  lime. 

platform  with  sufficient  accuracy,  a Currently,  several  programs  are  in 
powerful  tool  for  the  solution  of  a num-  progress  for  the  development  of  a mov- 

ber  of  problems  involving  gravity  would  ing  base  gradiometer.  AFGL  has  spon- 

exist.  This  gravity  gradient  is  the  spatial  sored  one  such  development  program 

rate  of  change  of  the  gravity  vector.  The  through  a contract  funded  by  the  Ad- 

unit  used  to  describe  it  is  the  Eotvos  unit  vanced  Research  Projects  Agency  of  the 

(EU).  One  EU  = 10'9  sec'2  = ) mgal/ 10  Defense  Department  and  managed  by 

km.  the  Defense  Mapping  Agency.  The  prime 

The  first  laboratory  version  of  a grav-  objective  of  this  contractual  effort  is  the 

ity  gradiometer,  built  by  Baron  von  development  of  a prototype  moving  base 

Eotvos  in  1888,  was  a torsion  balance  gravity  gradiometer  system  capable  of 

which  measured  horizontal  gravity  gradi-  operating  from  either  an  airborne  or 

ents.  Field  torsion  balances  have  since  shipboard  platform  and  measuring  the 

been  used  extensively  for  exploration  gravity  gradient  to  an  accuracy  of  1 EU 

by  geophysicists  who  found  the  instru-  over  a 10-second  integration  time  period, 

ments  valuable  for  detecting  density  vari-  The  AFGL  effort  currently  under  con- 
ations within  the  earth.  A major  draw-  tract  calls  for  design  and  fabrication  of  a 

back  to  this  type  of  instrumentation  is  basic  sensor.  This  sensor  structure  con- 

the  slowness  of  operation  and  the  instru-  sists  of  two  mass-loaded  arms,  pivoted 

ment’s  extreme  sensitivity  to  its  sur-  freely  at  right  angles  about  a common 

rounding  environment.  The  urgent  need  axis  and  connected  by  a stiff  torsion 

to  better  define  the  gravity  field  of  the  spring.  In  operation,  the  sensor  is  rotated 

earth  led  to  programs  designed  to  over-  about  its  torsional  axis  at  exactly  half  its 

come  the  shortcomings  of  the  basic  in-  torsional  resonance  frequency.  Most 

struments  such  as  the  torsion  balance.  alternating  torques  caused  by  external 

One  such  program  was  the  moving  base  accelerations  coupling  through  an  imper- 

gravity  gradiometer.  feet  mechanical  system  arc  at  the  spin 

We  now  have  the  prospect  of  meas-  frequency  and  therefore  can  only  weakly 
uring  all  the  components  of  the  gravity  excite  the  torsional  resonant  mode.  The 
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gravity  gradient  field,  however,  induces 
alternating  torques  at  twice  the  spin  fre- 
quency that  are  preferentially  “ampli- 
fied" by  the  mechanical  resonance.  The 
alternating  torques  are  converted  into 
measured  AC  voltages  by  piezoelectric 
transducers. 

The  phase  and  amplitude  of  the  rotat- 
ing gravity  gradiometer  sensor  provide 
measurements  of  two  elements  of  the 
gravity  gradient.  Three  sensors,  operating 
about  mutually  perpendicular  axes,  are 
required  to  measure  the  complete  gravity 
gradient. 


I hr  first  prototype  of  the  Moving  Bjsr 
Rotating  Gravity  Gradiometer  built  under 
contract  for  AFGl.. 


The  design  of  the  rotating  gravity 
gradiometer  requires  a consideration  of 
all  possible  error  sources,  and  methods 
for  their  elimination  or  compensation 
must  be  designed  or  developed.  A state- 
of-the-art  Vibration  Isolation  Alignment 
and  Leveling  System  (VIALS)  for  sup- 
port on  a moving  base  platform  is  also 
required.  Tests  of  the  suitability  of  the 
rotating  gravity  gradiometer  for  operat- 
ing on  a moving  base  will  be  performed 
in  laboratory  simulators  to  define  the 
VIALS  requirements  and  the  real-time 
compensation  techniques  to  be  used. 
Subsequently,  the  VIALS  and  the  com- 
pensation package  will  be  built  and  inte- 
grated with  the  sensors.  Tests  of  the  en- 
tire system  will  then  be  performed  on 
laboratory  simulators  and,  finally,  in 
actual  airborne/shipboard  operations. 


To  date,  two  prototype  rotating  grav- 
ity gradiometers  have  been  fabricated. 
The  second  sensor  incorporates  all  design 
changes  brought  about  through  one  year 
of  laboratory  testing  and  modification  of 
unit  number  one.  Dramatic  improve- 
ments in  test  data  resulted  from  continu- 
ous laboratory  testing  of  the  first  proto- 
type. In  April  1975,  using  ordinary  ball 
bearings,  the  instrument  produced  a 300 
EU  output  in  a 10-second  integration 
time  in  a vertical  orientation.  By  January 
1976,  using  a specially  designed  bearing, 
this  output  level  was  reduced  to  5 EU. 
Comparable  results  were  also  obtained 
with  the  instrument  placed  in  a hori- 
zontal orientation.  This  came  about 
through  solution  of  what  at  times 
seemed  almost  insurmountable  prob- 
lems. Many  advances  in  a variety  of 
fields  beyond  the  then  known  state-of- 
the-art  have  resulted  from  this  develop- 
ment effort.  Extensive  work  still  is 
needed  before  the  entire  system  will  be 
ready  for  operational  deployment,  but 
the  high  risk  factor  initially  assigned  to 
this  effort  has  been  greatly  reduced. 
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When  the  rotating  gravity  gradiometer 
fulfills  its  promised  sensitivity,  it  will  he 
of  enormous  value  in  the  detailed  map- 
ping of  the  earth’s  gravity  field  and  will 
contribute  significantly  to  inertial  navi- 
gation and  guidance. 


MODELS  OF  EARTH'S  GRAVITY 
FIELD  AND  APPLICATION  OF 
ADVANCED  ADJUSTMENT 
TECHNIQUES 

Gravity  gradiometry,  satellite  altimetry, 
ground-to-satellite  tracking,  satellite-to- 
satellite  tracking,  and  conventional  grav- 
imetry provide  an  immense  amount  of 
information  concerning  the  geopotential 
at  different  levels.  The  data  are  not  uni- 
formly distributed  over  the  earth,  and 
contain  errors,  sometimes  even  gross 
errors.  AFGL  has  pursued  various  tech- 
niques for  combining  these  inhomogene- 
ous, occasionally  sparse,  noisy  and  in- 
consistent data  from  physical  geodesy 
into  uniform  parametric  representations 
of  the  geopotential. 

Geopotential  models  are  developed  of 
regional  and  of  global  extent.  The  sim- 
plest approach  is  that  of  the  standard 
linear  least  squares  method  which  solves 
for  an  arbitrarily  chosen  set  of  param- 
eters (for  instance,  the  coefficients  of  a 
truncated  spherical  harmonic  expansion) 
from  a collection  of  measurements 
whose  relative  weights  are  assigned.  Ex- 
cept for  weighting,  however,  such  a solu- 
tion does  not  take  into  account  the 
properties  of  the  measurements  and  the 
gcopotential. 

One  extended  least  squares  method 
which  considers  the  covariances  of  meas- 
urements and  the  geopotential  in  solving 
for  the  model  parameters  is  known  as 
the  collocation  method.  AFGL  has  ex- 
tensively developed  the  collocation 
method  for  combining  various  kinds  of 


physical  geodesy  data  into  regional  and 
global  geopotential  models.  Concep- 
tually, and  generally  in  practice,  colloca- 
tion model  solutions  are  superior  to 
conventional  least  squares  solutions. 

Except  when  a problem  is  ill-posed  so 
that  a set  of  model  parameters  must  be 
revised  to  effect  a solution,  least  squares 
and  collocation  solutions  provide  no 
measure  of  the  efficiency  of  a model.  In 
general,  a better  fit  of  a particular  set  of 
measurements  can  be  made  by  revising 
the  model  without  increasing  the  num- 
ber of  parameters.  Generalized  inversion 
theory,  which  has  been  extensively  de- 
veloped for  geophysical  modeling,  pro- 
vides a means  for  accomplishing  this. 
AFGL  has  sponsored  studies  of  the  ap- 
plication of  generalized  inversion  theory 
to  geopotential  modeling  because  of  its 
power  and  flexibility  in  solving  overde- 
termined  and  underconstrained  linear  or 
quasi-linear  problems.  Resolution  and  in- 
formation density  matrices  of  general- 
ized inversion  theory  give  preliminary 
indications  of  value  in  choosing  and  esti- 
mating parameters  and  selecting  measure- 
ment data. 


GEOKINETICS 

Designers  and  operators  of  many  differ- 
ent Air  Force  systems  are  becoming  in- 
creasingly concerned  about  earth  mo- 
tions and  their  effects.  Earth  motion  ef- 
fects (geokinctics)  can  adversely  affect 
the  performance  of  high-precision,  mo- 
tion-sensitive instrumentation.  Attempts 
to  increase  precision  make  the  instru- 
mentation even  more  sensitive  to  geo- 
kinctic  effects.  Inertial  guidance  instru- 
mentation is  a typical  example.  Fiach 
generation  of  gyros  or  accelerometers 
developed  for  use  in  guidance  systems 
exceeds  the  sensitivity  of  the  previous 
generation  by  an  order  of  magnitude  or 
greater.  Unfortunately,  this  enhance- 


155 


ment  in  performance  also  increases  the 
potential  for  errors  caused  by  the  mo- 
tion environment  in  which  the  instru- 
ment must  operate. 

In  other  instances,  the  structural  re- 
sponse of  a facility  to  motion  inputs 
may  be  the  principal  concern.  If  the 
facility  must  provide  a relatively  stable 
motion  environment  for  the  instrumen- 
tation or  operational  system  housed  in 
it,  then  the  natural  vibration  frequencies 
of  the  structure  must  be  well  outside  the 
bandwidth  of  significant  input  motions 
to  prevent  amplification  of  motion  am- 
plitudes. Laboratories  for  testing  and 
calibration  of  precision  instruments,  mis- 
sile silos,  and  radar  installations  may  all 
experience  earth  motion  problems. 

The  apparent  solution  to  problems 
caused  by  earth  motion  effects  is  to  de- 
velop more  effective  isolation  or  com- 
pensation techniques.  However,  com- 
plete knowledge  of  the  characteristics 
of  the  motion  environment  and  the  man- 
ner in  which  this  environment  interacts 
with  system  or  facility  performance  is 
needed  to  do  this.  The  objective  of  the 
geokinetic  research  and  exploratory  de- 
velopment conducted  by  the  Terrestrial 
Sciences  Division  is  to  develop  this 
knowledge  and  provide  it  to  system 
designers  and  engineers. 

The  major  effort  in  geokinetics  during 
this  reporting  period  was  the  measure- 
ment and  characterization  of  the  motion 
environment  of  Minuteman  silos  and  the 
identification  of  errors  in  guidance  sys- 
tem performance  caused  by  the  motion 
environment.  Two  special  studies  were 
also  performed,  at  the  request  of  other 
Air  Force  agencies  which  required  assis- 
tance in  analyzing  motion-related  prob- 
lems. 

Silo  Motion  Studies:  In  1974,  a Min- 
uteman test  silo  at  Hill  AFB,  Utah,  was 
instrumented  with  a number  of  motion 
sensors  and  a motion  measuring  system 
to  characterize  the  motion  environment 
of  the  silo  and  to  identify  those  motions 


which  introduced  alignment  and  per- 
formance errors  into  the  guidance  sys- 
tem. The  study  included  two  separate 
parts:  a seismic  experiment  and  an  align- 
ment experiment.  For  the  seismic  experi- 
ment, seismometers  W'ere  placed  at  a 
number  of  locations  both  inside  and  out- 
side of  the  silo.  Inside  the  silo,  sensors 
were  placed  at  the  base  of  the  silo,  on 
the  missile  suspension  system,  and  on  a 
wafer  located  just  above  the  inertial 
guidance  system.  The  seismic  experiment 
was  concerned  principally  with  motions 
with  periods  less  than  one  minute. 


In  thr  silo  motion  study,  seismometers  were 
placed  on  thr  missile  suspension  system,  as  is 
shown  here,  as  well  as  on  the  missile  in  the 
vicinity  of  the  guidance  system.  Both  long 
and  short  period  seismometers  were  used  to 
measure  motions  of  the  missile. 


156 


In  the  alignment  experiment,  tilt- 
meters  were  used  to  measure  long-term 
tilts  of  the  silo  and  the  missile,  and  elab- 
orate instrumentation  was  used  to  meas- 
ure azimuthal  rotations.  An  automatic 
angle  measuring  system  continually  com- 
pared the  alignment  of  mirrors  mounted 
on  the  silo  wall  and  missile  skin  with  the 
azimuth  indicated  by  a reference  system. 
The  reference  system  used  consisted  of 
two  portable  gyrocompasses  (Azimuth 
Laying  Sets)  which  provided  updated  es- 
timates of  a north  reference  at  periodic 
intervals.  Tilt  and  tilt  rate  errors  were 
then  removed  from  the  azimuth  esti- 
mates to  add  greater  precision  to  the 
measurements. 
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Instrumentation  used  in  the  silo  motion  study 
to  measure  long-term  azimuthal  rotations  of 
the  silo  and  missile.  An  Automatic  Angle 
Measuring  System  (AAMS)  continually  moni 
tored  the  motion  of  mirrors  located  on  the 
wall  of  the  silo  and  on  the  slun  of  the  missile. 
A north  reference  was  provided  by  two  por- 
table gyrocompasses,  labeled  STM  ALS  in  the 
figure. 


A complete  definition  of  the  motion 
environment  of  a silo  requires  the  speci- 
fication of  those  features  of  the  observed 
motion  that  are  significant  to  hardware 


performance.  One  of  the  first  steps  in 
the  definition  is  to  separate  the  motions 
into  rotational  and  translational  com- 
ponents. The  wavelengths  of  the  impor- 
tant motions  are  quite  large  compared  to 
the  dimensions  of  the  silo,  and  the  fre- 
quencies are  lower  than  the  resonant  fre- 
quencies of  the  silo.  For  this  reason, 
only  three  linear  and  three  rotational 
components  are  needed  to  specify  the 
motion  field  fully. 

Next,  the  statistical  class  of  the  mo- 
tions must  be  established.  The  vertical 
motions  observed  at  the  base  of  the  silo 
exhibit  the  attributes  of  a normal,  or 
Gaussian,  distribution.  The  vertical  mo- 
tions observed  on  the  missile,  however, 
show  a Rayleigh  distribution,  reflecting 
the  fact  that  the  suspension  system  is  a 
linear,  time  invariant,  lightly  damped 
system. 

A principal  difference  between  the 
silo  motions  and  the  missile  motions  is 
that  silo  motions  arc  predominantly 
linear,  while  the  missile  motions  show  a 
strong  rotational  component.  Missile 
rotations  are  a source  of  concern  since 
they  cause  much  larger  errors  than  linear 
motions. 

Power  Spectral  Densities  (PSD’s)  were 
computed  for  silo  and  missile  motions 
during  both  quiet  and  disturbed  condi- 
tions. In  quiet  conditions,  missile  mo- 
tions are  largely  uncorrelated  with  silo 
inputs;  rather  they  reflect  the  response 
characteristics  of  the  missile  suspension 
system.  The  resonant  frequencies  of  the 
suspension  system  cause  the  missile  mo- 
tions to  be  greater  than  the  ground  mo- 
tions at  these  frequencies.  Following 
large  seismic  events,  the  ground  motions 
will  become  the  primary  cause  of  missile 
motions.  However,  the  response  charac- 
ter;stics  of  the  suspension  system  will 
continue  to  influence  the  motion  spec- 
tra. The  suspension  system  response  does 
not  remain  linear  at  higher  motion  levels 
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since  it  has  a number  of  frictional  ele- 
ments that  tend  to  release  at  modest 
loads. 

During  quiet  conditions,  the  missile 
motion  peaks  at  frequencies  of  0.33- 
0.39  Hertz,  1.17-1.25  Hertz,  and  4. 7-5. 2 
Hertz.  The  first  two  arc  peaks  in  the 
horizontal  motion  spectra,  while  the 
third  is  a strongly  amplified  vertical  mo- 
tion. The  first  two  are  specified  resonant 
frequencies  for  the  suspension  system 
while  the  third  is  not. 

One  objective  of  the  alignment  ex- 
periment was  to  measure  the  long-term 
rotations  of  the  silo  and  missile.  These 
motions  arc  of  interest  because  changes 
in  the  azimuth  references  used  in  align- 
ing the  Minuteman  Missile  Guidance  Set 
(MGS)  have  a direct  effect  upon  gui- 
dance system  accuracy.  The  azimuth  ref- 
erences are  either  the  C-2 1 autocollima- 
tor attached  to  the  silo  wall,  or  the  roll 
gimbal  notch,  attached  to  the  missile. 
Thus,  motions  of  the  azimuth  references 
are  directly  related  to  motions  of  the  silo 
and  missile. 

During  a 22-day  period  from  October 
30  through  November  21,  1974  contin- 
ual azimuth  measurements  were  made  on 
the  silo  wall  and  missile  silo  mirrors  at 
approximately  34-minute  intervals.  Dur- 
ing most  of  this  time,  there  were  no  un- 
usual motion-producing  activities  within 
or  near  the  silo.  This  was  taken  as  the 
"quiet”  period  of  the  silo  and  missile 
data  histories.  An  anomalous  motion 
period,  caused  by  a ground  loading 
event,  spans  the  last  two  days  of  the  data 
history.  A 65,000  pound  vehicle,  parked 
about  75  feet  from  the  silo,  produced 
the  surface  loading  which  resulted  in 
relatively  large  rotations  of  the  silo  and 
missile  during  the  two-day  period. 

The  azimuthal  data  from  the  silo  and 
missile  were  examined  for  drift  and 
spectral  characteristics.  The  drifts  were 
examined  by  computing  slopes,  since  the 
data  exhibited  apparent  trends,  and  the 
motions  coultl  be  described  as  functions 


of  time.  Power  spectral  densities  were 
computed  to  analyze  the  azimuthal  data. 

The  data  show  that  the  silo  rotated 
counterclockwise  during  the  measure- 
ment period,  but  not  at  a constant  rate. 
The  slope  of  the  silo  data  varies  consider- 
ably over  the  history  but  most  markedly 
during  the  surface  loading  event.  The 
slope  computed  for  the  missile  skin  mir- 
ror is  quite  small  during  the  quiet  period 
and  in  the  opposite  direction  from  the 
slope  determined  for  the  silo  wall  mirror. 
This  implies  that  for  very  long  period 
motions,  there  was  no  strong  coupling 
between  the  missile  and  silo. 

The  power  spectral  density  (PSD)  of 
the  silo  motions  shows  two  strong  peaks 
in  the  spectrum  at  the  diurnal  (24-hour) 
and  half-diurnal  (12-hour)  periods.  There 
is  also  considerable  power  at  periods  of 
5.4  and  4.4  hours.  For  the  missile  skin 
mirror  PSD,  the  long  period  bands  (12.2 
hours  and  longer)  contain  most  of  the 
power.  The  diurnal  and  half-diurnal  per- 
iods are  also  prominent  in  the  missile 
PSD. 

Because  one  result  from  the  Hill  AFB 
study  was  the  finding  that  activities  at  or 
near  the  silo  can  load  the  surface  to  the 
point  that  the  silo  will  experience  dis- 
cernible tilts,  tilt  measurements  were 
also  made  in  several  Wing  IV  silos  at 
Whiteman  AFB.  Missouri.  Tiltmeters 
were  installed  in  the  silos  on  the  optical 
bench  prior  to  the  removal  of  the  Missile 
Guidance  Set  and  were  left  in  place  until 
well  after  activity  ceased  to  determine  if 
the  silo,  after  tilting,  returned  to  its  orig- 
inal position.  A secondary  purpose  of 
the  tilt  measurements  was  to  examine 
the  tilt  environment  in  which  the  Azi- 
muth Laying  Set  must  operate  to  obtain 
azimuth  estimates  for  realigning  the  Mis- 
sile Guidance  Set  after  replacement.  A 
third  objective  of  the  study  was  to  ascer- 
tain whether  the  long-term  motions  of 
unstable  silos  are  primarily  steady  or 
episodic.  If  episodic,  these  abrupt  azi- 
muth shifts  might  be  traced  to  mainten- 
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ance  procedures  or  meteorological  phe- 
nomena. 

The  tilt  measurements  performed  at 
Wing  1Y  showed  that  silo  tilts  there 
are  considerably  less  than  those  observed 
earlier  at  Hill  AFB.  indicating  that  the 
silos  tested  at  Wing  IV  are  much  more 
stable  than  the  test  silo  at  Hill  AFB. 


Minutt  man  test  silo  .it  Hill  AFB,  Utah,  whi  rr 
sil"  motion  study  was  conducted  in  1974. 
$*  isrnomrtrrs,  tiltmctrrs,  and  other  motion 
measuring  devices  were  plated  in  the  silo  to 
characterize  the  motion  environment  of  the 
silo  and  missile  and  to  determine  the  effects 
of  earth  motions  on  guidance  system  align- 
ment and  performance. 

Finally,  a theoretical  program  has 
been  started  to  support  the  Minuteman 
silo  motion  measurements.  It  includes 
analytical  and  numerical  modeling  of 
the  response  of  the  silo  to  seismic  inputs. 
In  pursuit  of  the  analytic  approach,  for- 
mal solutions  to  the  three-dimensional 
problem  of  wave  scattering  and  diffrac- 
tion due  to  an  impulsive  acoustic  point 
source  in  a fluid  half-space,  in  which  a 
semi-infinite  vertical  soft  cylinder  is  em- 
bedded, were  obtained  in  integral  form. 
To  follow  the  numerical  approach,  a 
three-dimensional  finite  element  formu- 
lation, based  on  variational  principles  for 
axially  symmetrical  problems  of  elastic 


wave  scattering  and  diffraction  due  to  an 
axially  symmetrical  source,  was  com- 
pleted. It  will  be  used  to  solve  problems 
such  as  the  seismic  response  of  a finite 
vertical  cylindrical  cavity  with  an  open 
end  on  the  surface  of  a half-space.  The 
finite  element  method  was  chosen  be- 
cause it  offers  greater  flexibility  than  the 
finite  difference  method  in  dealing  with 
irregular  geometries,  non-uniform  meshes 
and  boundary  conditions. 

Special  Studies:  The  Terrestrial  Sci- 
ences Division  conducted  two  special 
ground  motion  studies  for  other  Air 
Force  agencies  to  determine  whether 
motions  generated  by  explosive  sources 
should  he  of  concern  to  radar  facilities. 
The  first  study  was  concerned  with 
ground  motion  caused  by  explosive 
charges  used  in  excavating  limestone 
from  a quarry  in  southern  Florida.  The 
blasts  affected  a Ground  Control  Inter- 
cept (GCI)  radar  facility  at  Richmond 
ATS,  Florida.  In  recent  years,  the  quarry 
activities  had  moved  as  close  as  1200 
feet  to  the  facility.  In  addition  to  con- 
cern over  the  effects  that  the  blasting 
may  have  on  the  critical  alignment  of  the 
search  radar  and  the  height  finder,  there 
was  concern  over  the  structural  integrity 
of  the  buildings.  Therefore,  the  Aero- 
space Defense  Command  (Al)C.)  re- 
quested that  AFGL  measure  ground  mo- 
tions to  determine  whether  the  quarry- 
ing company  was  exceeding  the  blasting 
code  established  by  Dade  County, 
Florida.  The  code  specifies  the  restraints 
to  explosive  generated  motions  in  terms 
of  both  amplitude  and  particle  velocity. 
The  measurements  taken  were  specified 
in  these  terms. 

To  measure  the  ground  motions  from 
the  quarry  blasts,  a special  Seismic  Activ- 
ity Monitor  (SAM)  system  was  con- 
structed. Although  specially  designed  to 
collect  seismic  data,  it  can  be  used  for 
other  applications  by  modifying  the 
amplifiers  for  the  intended  usage.  The 
SAM  system  is  a self-contained  auto- 
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matic  digital  system.  It  stores  the  most 
recently  collected  data  and  updates  it. 
Whenever  the  magnitude  of  the  activity 
exceeds  a threshold  level,  the  SAM  sys- 
tem is  activated  to  record  the  data  held 
in  temporary  storage  on  magnetic  tape, 
and  continues  to  record  data  for  a pre- 
selected time  after  the  activity  drops  be- 
low the  threshold  again.  The  data  stream 
includes  both  seismic  data  and  time.  The 
SAM  will  accept  up  to  16  channels  of 
analog  data  in  this  manner.  For  the  Rich- 
mond AFS  study,  only  six  channels  were 
used. 

During  five  months  at  the  Richmond 
site,  the  SAM  system  recorded  120 
' quarry  blasts.  Although  there  was  visual 
evidence  of  structural  damage  to  the 
facility  before  the  study  began,  none  of 
the  120  events  recorded  could  be  classi- 
fied as  having  exceeded  the  blasting 
code. 

In  the  second  special  study,  seismic 
and  acoustic  instrumentation  was  de- 
ployed at  the  site  chosen  for  the  con- 
struction of  a phased  array  radar  at 
Camp  Edwards,  Massachusetts.  The  ra- 
dar, called  PAVE  PAWS,  is  being  con- 
structed for  the  Electronic  Systems  Divi- 
sion (ESD)  to  provide  early  warning  of 
sea-launched  ballistic  missiles.  The  study, 
requested  by  ESD,  measured  the  motion 
levels  generated  by  the  firing  of  large 
artillery  shells.  ESD  requested  the  study 
because  the  site  is  adjacent  to  an  Army 
National  Guard  artillery  range,  and  it 
was  feared  that  firings  might  degrade  the 
accuracy  of  the  radar. 

Data  from  both  105  and  155  mm 
howitzer  firings  were  recorded  in  the 
study.  The  study  concluded  that  neither 
the  seismic  nor  the  acoustic  energy  gen- 
erated by  the  firings  would  be  critical  to 
the  design  specifications  of  the  facility. 

CRATERING  STUDIES 

An  explosion  which  produces  a crater 
also  causes  extensive  permanent  defor- 


mation in  the  geological  material  sur- 
rounding the  crater.  The  geometry  of 
this  zone  of  plastic  deformation  depends 
on  how  the  energy  released  by  the  ex- 
plosion is  coupled  into  the  ground.  The 
energy  coupling,  in  turn,  depends  on  the 
type  of  explosive,  its  depth  of  burial, 
and  the  physical  properties  of  the  sur- 
rounding terrain.  Knowledge  of  the  ex- 
tent of  the  subsurface  deformation  zone 
is  required  for  efficient  design  and  de- 
ployment of  surface-mobile  weapon 
systems. 

A series  of  small-scale  explosion 
cratering  experiments  has  been  con- 
ducted in  granular  sand  materials  at  Fort 
Devens,  Massachusetts.  In  these  experi- 
ments, the  geometry  of  the  subsurface 
deformation  zone  has  been  inferred  from 
direct  measurements  of  penetration  re- 
sistance of  the  sand  before  and  after 
cratering,  and  from  surface  measure- 
ments of  changes  in  the  electrical  resis- 
tivity of  the  sand  due  to  cratering. 
Analysis  of  the  experimental  data  indi- 
cates that  penetrometer  measurement  of 
ground  strength  is  the  more  reliable 
method  of  determining  subsurface  de- 
formation. These  small-scale  experiments 
also  suggest  that  the  area  of  the  de- 
formed zone  underneath  the  visible 
crater  does  not  change  with  the  depth  of 
the  burst.  The  region  of  appreciable  re- 
duction of  ground  strength  was  confined 
to  twice  the  radius  of  the  crater  rim 
crest. 

Terrestrial  Thermal  Sources:  A study 
of  volcanic  eruption  clouds  as  indicators 
of  the  amount  of  thermal  energy  in  the 
source  was  made.  Cloud  height  was 
found  to  be  directly  related  to  the  rate 
at  which  volcanic  ash  is  erupted.  This  ash 
production  rate  presumably  increases  as 
heat  emission  increases. 

The  models  used  to  describe  hot  gas 
plumes  produced  by  industrial  facilities 
can  also  be  used  to  describe  the  clouds 
produced  by  major  explosive  eruptions. 
Such  models  indicate  that  eruption 
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Penetrometer  measurements  of  ground 
strength  before  and  after  an  explosive  crater- 
ing event  have  been  used  to  determine  the 
extent  of  permanent  subsurface  deformation 
produced  in  sandy  media.  This  information 
can  be  used  in  designing  and  developing  Land- 
Mobile  Weapons  Systems. 


clouds  which  succeed  in  penetrating  the 
tropopausc  come  from  eruptions  that 
produce  more  than  a thousand  tons  of 
ash  per  second  and  more  than  4 million 
megawatts  of  thermal  energy. 


SITING  METHODOLOGY 


Rapid,  accurate,  and  cost  effective  meth- 
ods are  needed  to  determine  the  local 
geological  conditions  at  a wide  variety 
of  candidate  sites,  so  that  appropriate 
sites  for  deployment  of  land  mobile 
weapons  systems  can  he  selected.  Sur- 


lace  soil  properties,  local  depth  to  bed- 
rock, and  local  depth  to  water  table  arc 
all  important.  Satellite  imagery  can  be 
used  to  make  the  preliminary  identifi- 
cation of  favorable  areas.  Research  with- 
in the  Terrestrial  Sciences  Division  was 
directed  toward  developing  criteria  for 
preliminary  site  selection  from  satellite 
photography.  An  experimental  program 
was  also  developed  which  sought  to 
assess  the  efficiency  of  electrical  surveys 
and  induced  polarization  surveys  in 
characterizing  the  subsurface  geology  of 
large  areas. 


faces  presently  assumed  in  the  nuclear 
weapons  effects  codes. 

In  addition  to  modifying  shock  propa- 
gation, the  dust  layer,  which  may  ex- 
tend hundreds  of  meters  above  the  sur- 
face, alters  peak  pressures,  force  direc- 
tions, and  dynamic  pressures  predicted 
by  ideal  blast-wave  theory,  drastically 
affecting  the  response  of  target  struc- 
tures. Furthermore,  the  dust  loading  of 
the  air  may  influence  radar  propagation 
and  the  ablation  of  reentry  vehicles. 

The  fundamental  mechanism  of  soil 
blowoff  at  high  levels  of  thermal  radia- 
tion is  unknown,  but  is  presumed  to  be 
the  release  of  the  pore  moisture  in  soils 
or  structural  water  contained  in  hydrous 
minerals,  particularly  from  the  clay 
minerals  in  soils. 

The  objective  of  this  study  is  to 
clarify  the  physical  mechanism  of 
thermal  blowoff  in  soils.  This  is  being 
accomplished  by  examining  the  reaction 
products  of  soils  exposed  to  high  energy 
thermal  pulses  generated  in  the  White 
Sands  Solar  Furnace.  Various  soils  and 
other  test  materials  irradiated  in  this 
solar  furnace  arc  now  being  studied. 


SOIL  BLOWOFF 


Since  the  first  atomic  explosion,  dust 
lofting  has  been  observed  during  many 
above-surface  nuclear  weapons  tests.  Ap- 
parently, the  thermal  radiation  is  so 
intense,  out  to  several  fireball  radii,  that 
dust  particles  are  explosively  ejected 
(“popcorned”)  from  the  ground  to  the 
air.  By  absorbing  thermal  energy,  the 
dust  particles  create  a layer  near  the 
ground  consisting  of  heated  air,  dust, 
gas,  and  vapors  ejected  from  the  surface. 
This  layer  transmits  shock  waves  more 
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VII  OPTICAL  PHYSICS  DIVISION 


The  Optical  Physics  Division  conducts 
research  on  the  sources,  transmission, 
and  detection  of  optical  and  infrared 
radiation  and  their  interaction  with  the 
aerospace  environment.  Field  measure- 
ments, laboratory  studies,  theoretical 
studies,  and  analyses  are  conducted  to 
determine  and  understand  the  optical 
and  infrared  properties  of  the  environ- 
ment including  the  atmosphere  and  cel- 
estial sky.  These  determine  how  well  the 
atmosphere  transmits  radiant  energy  and 
also  how  much  energy  the  atmosphere 
radiates,  both  under  natural  and  per- 
turbed conditions. 

Any  optical  or  infrared  detection,  sur- 
veillance, reconnaissance,  or  weapon  sys- 
tem that  operates  in  or  above  the  atmos- 
phere must  look  through  the  atmosphere 
or  look  against  a background  of  either 
atmosphere  or  sky.  Therefore,  the  opti- 
cal properties  of  the  environment, 
especially  the  atmosphere,  must  be 
known,  as  well  as  how  they  will  enhance 
or  limit  the  operation  of  these  systems. 

Using  data  and  results  from  field 
measurements  of  these  optical/lR  prop- 
erties of  the  environment  and  related 
laboratory  and  theoretical  studies,  our 
goal  is  to  develop  “tools”  that  can  be 
used  directly  for  the  design  and  opera- 
tion of  Air  Force  systems.  These  tools 
include  various  models  such  as  the 
LOWTRAN  atmospheric  transmission 
and  HITRAN  laser  transmission  com- 
puter codes,  the  AFGL  IR  Star  Atlas  and 
the  LVVIR  Earth  Limb  model. 
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The  Division’s  effort  on  the  sources  of 
optical/infrared  radiation  ranges  from 
measurements  of  atmospheric  and  stellar 
emission,  missile  and  aircraft  plume 
signatures  to  research  into  molecular 
physics  and  molecular  interactions,  opti- 
cal and  spectroscopic  techniques. 

The  portion  of  the  electromagnetic 
spectrum  studied  extends  in  wavelength 
from  2,000  angstroms  in  the  ultraviolet 
to  1 millimeter  where  the  far  infrared 
blends  into  the  microwave  radio  spec- 
trum. 

1'he  research  in  the  Division  is  divided 
into  studies  of:  the  visible  and  near  visible- 
properties  of  the  atmosphere,  where 
aerosol  and  molecular  scattering  is  the 
predominant  mechanism  of  attenuation; 
the  infrared  properties  of  the  lower 
atmosphere  where  thermal  equilibrium 
usually  prevails;  the  optical  and  infrared 
properties  of  the  upper  atmosphere  (in- 
cluding auroras  and  airglow)  where  indi- 
vidual molecular  interactions  must  be 
considered;  the  infrared  properties  of 
cxoatmospheric  sources— stars,  nebulae, 
zodiacal  dust;  measurements  of  the  radia- 
tion from  man-made  sources  such  as 
missile  or  aircraft  plumes;  and  develop- 
ment of  improved  techniques  for  spectro- 
scopic measurements. 

A major  area  of  investigation  by  the 
Division  concerns  atmospheric  attenua- 
tion or  transmission  of  radiation  by  the 
atmosphere,  including  laser  beams.  At- 
mospheric molecules  absorb  optical  and 
infrared  radiation  selectively  at  discrete 
wavelengths.  Extensive  computer  pro- 
grams have  been  developed  which  make 
use  of  the  vast  collection  of  spectroscopic 
data  for  molecules  (AFGL  Atmospheric 
Absorption  Line  ParamctcrsCompilation) 
and  which  permit  the  calculation  of  this 
transmission,  particularly  for  laser  beams 
(HIT RAN).  The  well  known  LOWTRAN 
atmospheric  transmission  computer  code 
has  been  adopted  and  used  widely  for 
determining  the  low  resolution  (approx- 
imately 20  wave  numbers)  transmission 


of  the  atmosphere  for  any  path  through 
the  atmosphere  for  a wide  range  of  tacti- 
cal weapon  delivery  problems  under 
various  meteorological  conditions.  Detail- 
ed atmospheric  absorption  curves  and 
tables  for  laser  transmission  have  been 
published.  The  application  of  these  codes 
to  the  emission  and  transmission  of  plume 
radiation  has  been  underway. 
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Computed  extinction  coefficients  for  several 
aerosol  models  as  a function  of  wavelength. 

To  make  comparison  easier,  the  models  have 
been  normalized  so  that  in  each,  the  visibility 
is  23  km  at  a wavelength  of  0.55  micrometers. 

The  measurement  and  use  of  atmos- 
sphcric  transmission  and  emission  also 
provides  a method  for  remotely  sensing 
atmospheric  composition  (including  the 
effect  of  addition  of  contaminants,  for 
example,  from  missile  or  jet  engine  ex- 
hausts) and  meteorological  conditions 
such  as  temperature,  humidity  and  ozone 
content.  The  transmission  codes  have 
been  extensively  applied  to  the  design 
and  improvement  of  remote  atmospheric 
sensing  sensors  on  the  Air  Force  meteoro- 
logical satellites. 
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Scattering  by  aerosols  and  molecules 
in  the  atmosphere  also  contributes  both 
to  attenuation  and  to  reduction  in  the 
contrast  of  a target  seen  through  the 
atmosphere.  Extensive  measurements 
from  the  Division’s  C-130  Flying  Labora- 
tory and  balloons  have  been  made  to 
determine  the  geographic,  seasonal  and 
altitude  variations,  as  well  as  the  optical 
properties  of  these  aerosols  and  the 
effect  of  the  underlying  terrain,  water 
surface  or  snow  cover.  The  results  of 
these  measurements  have  been  applied 
to  several  target  acquisition  and  detection 
problems.  As  one  extension  of  these 
measurements,  an  extensive  international 
program  of  measurements  is  being  carried 
out  in  Europe. 

Similarly,  the  emission  of  the  atmo- 
sphere, insofar  as  it  creates  a disturbing 
or  masking  background  against  which  a 
target  must  be  located,  is  also  a major 
concern  of  the  Division  efforts.  Such 
emissions  represent  interfering  back- 
ground noise  superimposed  on  the  opti- 
cal/IR  target  signals  that  a surveillance 
system  may  be  trying  to  detect.  The 
emission  of  the  lower  atmosphere  can  be 
calculated  from  computer  programs  simi- 
lar to  those  discussed  previously.  How- 
ever, the  emission  from  the  upper  atmos- 
phere (above  about  70  km)  requires  a 
much  more  detailed  knowledge  of  the 
interactions  and  collisions  among  the 
individual  molecules,  many  of  which  will 
be  in  excited  states  with  excess  energy. 
The  amount  and  wavelength  of  the  radia- 
tion resulting  from  this  nonequilibrium 
chemistry,  and  the  effects  of  disturbances 
by  protons  and  electrons  as  would  occur 
during  an  aurora  or  a nuclear  burst  are 
also  being  studied.  Therefore,  a sizable 
laboratory  and  theoretical  research  pro- 
gram is  conducted  to  study  the  physics 
and  chemistry  of  the  atmosphere, 
particularly  those  molecular  interactions 
which  lead  to  infrared  emission,  as  well 
as  an  extensive  measurement  program. 
This  has  included  both  the  use  of  the 


Division’s  NKC-135  optical/infrared  fly- 
ing laboratory,  and  rockets,  particularly 
in  Alaska,  where  the  infrared  emission  of 
the  aurora  is  studied  in  the  Infrared 
Chemistry  Experiments  for  the  Coordi- 
nated Auroral  Program  (ICECAP).  A 
computer  program  (called  OPTIR)  has 
been  developed  to  predict  and  compute 
the  optical  and  1R  emission  of  the  upper 
atmosphere,  primarily  for  disturbed  con- 
ditions. Such  background  emission,  parti- 
cularly during  disturbed  conditions  such 
as  auroras,  could  seriously  impair  the 
operation  of  a surveillance,  detection, 
tracking,  or  terminal  guidance  system. 

A satellite  or  rocket-borne  infrared 
system  looking  away  from  the  atmos- 
sphere  will  still  see  the  celestial  sky  as  a 
background.  Consequently,  the  Division 
is  carrying  out  a rocket  program  to  map 
the  celestial  sky  as  well  as  zodiacal  emis- 
sion in  the  infrared.  Also,  measurements 
of  missile  and  aircraft  plumes  are  being 
obtained  from  rockets  and  aircraft. 

An  inseparable  part  of  these  measure- 
ments and  studies  is  the  development 
and  use  of  more  sensitive  advanced 
cryogenically  cooled  infrared  sensors  and 
spectrometers  by  the  Division.  Such  a 
technique  to  which  the  Division  has  made 
significant  contributions  is  multiplex 
spectroscopy,  where  all  wavelengths  en- 
tering the  spectrometer-interferometer 
are  analyzed  simultaneously.  The  most 
recent  development  has  been  time-re- 
solved spectroscopy  which  permits  the 
spectral  measurement  of  chemical  reac- 
tions with  millisecond  time  resolution. 


ATMOSPHERIC  OPTICS 

The  objective  of  the  Atmospheric  Optics 
program  is  to  develop  techniques  for 
evaluating  and  predicting  the  effects  of 
atmospheric  scattering  and  absorption  of 
light  on  the  performance  of  optical  sys- 
tems looking  through  the  earth’s  atmos- 
phere. Air  molecules  and  aerosol  or  haze 
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particles  suspended  in  the  atmosphere 
scatter  and  absorb  light.  These  attenua- 
tion processes  occur  throughout  the 
visible  and  infrared  spectrum  and  they 
are  more  or  less  pronounced  depending 
on  aerosol  and  molecule  type  and  the 
wavelength  of  the  light.  The  goal  of  this 
program  is  an  understanding  of  the 
effects  of  atmospheric  optical  properties 
on  the  performance  of  various  Air  Force 
systems  and  the  capability  of  predicting 
these  atmospheric  optical  properties  for 
conditions  under  which  these  Air  Force 
systems  must  operate. 

At  present,  one  of  the  least  known 
parameters  in  the  atmospheric  attenua- 
tion process  is  the  optical  effect  of 
aerosol  particles.  It  is  little  known  be- 
cause the  composition  of  natural  aerosols 
is  so  complex  and  the  variation  in  aerosol 
distributions  in  the  atmosphere  with 
changing  meteorological  and  geographical 
conditions  is  enormous. 

The  Atmospheric  Opiics  program  is 
therefore  directed  primarily  at  studies  of 
aerosol  optical  properties  and  their  effect 
on  optical  propagation.  Experiments  are 
conducted  to  determine  the  optical  prop- 
erties, in  particular  the  refractive  index, 
of  aerosol  particles  of  various  types. 
Ground  and  airborne  measurements  are 
made  to  determine  the  spatial  and  tem- 
poral variability  of  aerosol  concentra- 
tions, size  distribution  and  composition 
together  with  measurements  of  the  trans- 
mission and  scattering  effects. 

From  these  experimental  data  models 
have  been  developed  which,  together  with 
the  appropriate  data  for  molecular  ab- 
sorption and  scattering,  allow  one  to 
calculate  the  atmospheric  transmission 
or  scattering  at  any  given  wavelength, 
either  for  lasers  (HITRAN)  or  for  broad- 
band optical  systems  (LOWTRAN).  These 
models  also  can  be  used  as  inputs  into 
more  complex  radiation  transfer  codes 
which  include  multiple  scattering  pro- 
cesses and  which  are  needed  to  compute 


such  quantities  as  sky  radiance  back- 
grounds or  contrast  attenuation. 

Measurements  of  Aerosol  Optical 
Properties:  To  determine  the  correlations 
between  the  atmospheric  optical  proper- 
ties and  the  general  meteorological  condi- 
tions such  as  air  mass  and  vertical  struc- 
ture, a coordinated  measurement  program 
has  been  established  in  Europe  with 
several  other  countries  to  conduct  routine 
measurements  at  several  locations  of  such 
quantities  as  visible  and  IR  transmission, 
illumination,  path  radiance,  and  scatter- 
ing intensity,  along  with  aerosol  distribu- 
tion measurements  and  other  meteorolog- 
ical parameters.  Surface  measurements 
of  these  parameters  are  supplemented  by 
airbone  measurements  from  AFGL’s 
atmospheric  optics  C-130  Flying  Labora- 
tory. 

Measurements  will  be  conducted  over 
a two-year  period  to  derive  an  atmospher- 
ic optics  climatology  for  the  European 
environment  and  to  study  the  variability 
of  seeing  and  transmission  conditions 
with  changes  in  weather  conditions.  Very 
specialized  instrumentation  is  required 
to  measure  the  optical  effects  of  aerosols. 
Several  unique  instruments  have  been 
developed  under  the  Atmospheric  Optics 
program  for  the  measurement  of  Optical 
Atmospheric  Quantities  in  Europe  (OPA- 
QUE). 

One  of  the  quantities  which  is  very 
little  known  at  present  is  the  intensity  of 
infrared  radiation  scattered  from  aerosols. 
The  angular  dependence  of  scattered  light 
in  the  infrared  can  be  efficiently  measured 
by  viewing  a collimated  laser  beam  from 
the  side  at  different  angles.  An  experi- 
ment has  been  installed  in  a trailer,  in 
which  a C02  laser  beam  is  projected  out- 
side the  trailer.  The  scattered  intensity 
is  measured  by  a cooled  HgCdTe  detector 
scanning  along  the  laser  beam  as  a func- 
tion of  the  scattering  angle  between  10 
degrees  (forward  scattering)  and  170 
degrees  (backscattering).  The  scattered 
light  energy  per  unit  path  length  and 
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Schematic  Block  Diagram  of  the  CO 2-Lascr 
Scattering  Nephclometer,  which  measures  the 
angular  dependence  of  scattering. 

steradian  is  about  10'8  to  10'10  times 
the  intensity  of  the  incident  laser  beam. 
Although  this  is  a very  small  percentage 
(comparable  signals  in  the  visible  would 
be  approximately  one  to  two  orders  of 
magnitude  higher),  such  signals  can  still 
be  detected.  The  importance  of  these 
measurements  is  that  the  variation  in  the 
scattering  properties  can  be  determined 
for  different  types  of  aerosols  and  under 
various  weather  conditions. 


The  laser  nephclometer  installed  in  its  trailer. 
The  laser  beam  travels  between  the  two  tubes. 
The  detector,  on  its  turntable,  is  visible  in  the 
center  of  the  trailer. 

Scattering  of  light  in  the  atmosphere 
does  not  occur  only  from  artificial  light 
beams  such  as  lasers;  every  air  volume  is 
illuminated  by  natural  light  from  the  sun, 
the  sky,  or  at  night  from  the  moon.  This 


light  is  scattered  into  various  directions, 
some  of  it  into  the  field  of  view  of  any 
system  looking  through  the  atmosphere. 
This  so-called  “path  radiance”  is  respon- 
sible for  the  washout  of  contrast  between 
object  scene  elements.  A knowledge  of 
the  dependence  of  this  “path  radiance” 
on  atmospheric  conditions,  illumination, 
look  angles,  etc.,  is  therefore  very  im- 
portant in  the  evaluation  of  the  perform- 
ance of  optical  systems.  In  order  to 
measure  this  quantity  directly  as  a func- 
tion of  all  these  variables,  an  instrument 
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An  example  of  a scattering  measurement. 

The  lower  curves  are  the  actual  records  of  the 
scattered  signal  and  the  laser  source  stability; 
the  top  curve  is  the  derived  absolute  scatter- 
ing function. 

was  developed  under  contract.  It  consists 
of  a high  sensitivity  photometer  which 
looks  into  a black  hole.  The  airgap 
between  these  two  components  is  illumi- 
nated by  ambient  light,  and  the  scattered 
light  in  the  direction  of  the  photometer 
as  seen  against  the  black  hole  as  back- 


ground  is  identical  to  the  path  radiance 
for  the  short  path  element  between  the 
two  arms  of  the  instrument.  I'he  instru- 
ment can  rotate  around  a vertical  axis, 
permitting  the  measurement  of  the  path 
radiance  as  a function  of  sun-observer 
angle  geometry.  If  this  incremental  path 
radiance  is  summed  over  a finite  path 
length  one  can  easily  calculate  from  it 
the  amount  of  contrast  reduction  which 
would  occur  along  a given  atmospheric 
path  assuming  a constant  path  radiance 
along  the  path.  This  so-called  variable 
path  function  meter  is  presently  being 
used  to  determine  how  atmo  pheric  path 
radiance  depends  on  weather  conditions, 
ground  surface  reflectance  and  other 
environmental  factors. 


Variable  Path  Function  Meter  for  measuring 
the  path  radiance  or  airtight  which  causes 
contrast  reduction  by  the  atmosphere. 

Because  of  the  nonuniform  distribu- 
tion of  aerosol  particles  with  altitude  it 
is  particularly  important  to  develop  tech- 
niques for  in  situ  measurements  of  the 
atmospheric  optical  parameters  as  a func- 
tion of  altitude.  A balloon-borne  instru- 
ment was  developed  which  can  measure 
various  scattering  properties  of  the  atmos- 
phere up  to  altitudes  of  30  km  or  more. 
A high  intensity  light  source  illuminates 
a sample  volume  of  ambient  air.  Five 
radiometers  pointed  at  this  air  volume 


measure  the  intensity  of  scattered  light 
in  five  different  directions  at  four  differ- 
ent wavelengths  through  the  visible  and 
near  infrared  spectrum.  The  instrument 
also  measures  the  degree  of  polarization 
of  the  scattered  light.  This  instrument 
has  successfully  been  flown  on  several 
balloon  flights  up  to  altitudes  of  25  to 
30  km.  Special  care  must  be  taken  in 
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Schematic  block  diagram  of  the  balloon- 
borne  nephelomcter.  It  is  used  to  measure 
the  angular  scattering  properties  of  the 
atmosphere  as  a function  of  altitude. 

these  balloon  (lights  to  avoid  any  con- 
tamination of  the  air  samples  from  the 
experimental  equipment  itself.  Ballast, 
which  is  being  dispensed  during  balloon 
ascent  to  control  the  balloon  flight  must 
be  expelled  well  below  the  instrument 
gondola. 

As  an  example,  on  one  of  the  balloon 
flights  where  the  intensity  of  scattered 
light  into  15  degrees  forward  angle  at 
0.475  micrometer  wavelength  is  measured 
as  a function  of  altitude,  there  is  a rapid 
decrease  of  haze  scattering  above  the  sur- 
face layer  after  launch  and  a more  or  less 
stable  haze  layer  up  to  6-7  km.  A rapid 
decrease  of  larger  aerosols  above  that 
altitude  accounts  for  the  rapid  decrease 
of  signal  up  to  13  km  altitude.  A sharp 
peak  in  the  scattered  light  around  25  km 
altitude  was  caused  by  a rare  occurrence 
of  a nacreous  cloud  on  the  lee  side  of  the 
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The  gondola  carrying  the  ncphclomcter, 
ready  for  launch  of  the  balloon. 


San  Andres  Mountains  in  New  Mexico, 
where  this  balloon  flight  took  place.  A 
comparison  between  the  ascent  and  de- 
scent portion  of  this  balloon  flight  shows 
the  reproducibility  of  the  major  atmos- 
pheric optical  characteristics  in  the  exper- 
iment. 

It  requires  carefully  planned  experi- 
ments such  as  this  to  obtain  the  basic 
atmospheric  optical  quantities  needed  to 
predict  the  propagation  of  optical  radia- 
tion through  the  atmosphere. 

Aircraft  Measurement  Program:  The 
Air  Force  tactical/operational  regime  re- 
quires a thorough  understanding  of  the 
atmospheric  optical  properties  from  the 
surface  to  10  km.  To  provide  the  data  on 
which  to  base  sophisticated  prediction 
models,  aircraft  measurements  of  all  para- 
meters affecting  the  atmospheric  contrast 
transmittance,  which  determines  an  opti- 
cal system's  capability  to  identify  a 
specified  target,  have  been  and  arc  being 
taken  by  an  instrumented  C- 1 30A  Her- 
cules Flying  Atmospheric  Optics  Labora- 


tory. These  data  include  scattering  coeffi- 
cients, sky  and  terrain  radiances,  path 
radiances  and  aerosol  size  distributions. 
Data  analysis  and  summaries  are  present- 
ed in  report  form  and  are  used  in  applying 
modern  technology  to  solving  target 
acquisition/identification  problems  in- 
volving optical  systems. 
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An  example  of  the  measured  scattering  in- 
tensity at  0.475  micrometer  wavelength  at  a 
15-degree  scattering  angle  as  a function  of 
altitude  in  ascent  and  descent. 


In  1974  the  Atmospheric  Optics  Fly- 
ing Laboratory  participated  in  joint 
Army-Navy-Air  Force  efforts  to  deter- 
mine instrumentation  and  data  reduction 
methods  for  measuring  and  documenting 
both  apparent  and  inherent  contrast  of 
scene  objects.  Most  recently,  an  exten- 
sive effort  has  been  made  to  provide  a 
more  extensive  documentation  of  the 
seasonal  characterization  of  atmospheric 
optical  properties  in  Furopc,  under  both 
maritime  and  continental  influences.  The 
aircraft  data  are  taken  on  tracks  approxi- 
mately 50  km  long  at  specific  levels  from 
300  to  6000  meters  above  ground  level. 
The  tracks  are  chosen  to  include  ground 
stations  participating  in  the  data  gather- 
ing effort.  This  program  will  continue  for 
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two  years  with  data  gathering  deploy- 
ments scheduled  for  two-month  periods 
spread  over  all  four  seasons.  By  the  end 


Atmospheric  infrared  transmission  for  a 
10-km  horizontal  path  at  12-km  altitude. 


of  this  project,  data  will  be  available 
which  will  characterize  optical  properties 
by  the  occurrence  of  synoptic  weather 
patterns  and  will  provide  a solid  founda- 
tion on  which  to  base  optical  property 
forecasting  techniques. 

Atmospheric  Models  and  Radiation 
Transfer  Codes:  From  the  extensive 
measurements  on  various  aerosol  proper- 
ties as  well  as  atmospheric  optical  para- 
meters and  from  consolidation  of  the 
results  from  other  research  activities 
throughout  the  world,  it  was  possible 
to  derive  a number  of  atmospheric 
aerosol  models  and  their  optical  proper- 
ties, which  can  be  considered  reasonably 
representative  for  certain  environmental 
situations. 

Such  models  have  been  developed  for 
the  boundary  layer  near  the  earth’s  sur- 
face, the  upper  troposphere  and  the 
stratosphere  up  to  100  km  altitude.  For 
the  boundary  layer  below  2 km,  ten 
models  have  been  defined  which  describe 
rural,  urban  and  maritime  environments 
for  several  surface  visibilities.  For  the 
upper  troposphere  and  the  stratosphere, 
models  for  the  spring-summer  and  fall- 
winter  seasons  have  been  derived.  Models 
of  the  stratosphere  can  be  defined  which 
describe  different  conditions  of  volcanic 
dust  injection  into  the  upper  atmosphere. 
The  number  density,  the  size  distribu- 
tion, and  the  aerosol  particle  refractive 


index  have  been  defined  for  these  various 
models  as  a function  of  altitude. 

If  these  aerosol  properties  are  known, 
it  is  possible  to  calculate,  from  existing 
theories,  the  optical  properties  such  as 
scattering  and  absorption  coefficients  for 
these  aerosol  models.  Combining  these 
with  the  corresponding  quantities  for  the 
air  molecules  allows  the  full  description 
of  atmospheric  optical  parameters.  The 
wavelength  dependence  of  the  aerosol  ex- 
tinction coefficients  for  five  different 
types  of  aerosol  models  have  been  devel- 
oped. When  the  extinction  coefficients 
are  all  normalized  at  0.55  micrometer 
wavelength,  there  are  large  differences 
between  the  extinction  by  the  various 
aerosol  types  in  the  infrared  region,  up 
to  a factor  of  20  in  some  regions.  Some 
of  the  features,  such  as  the  high  values  for 
the  maritime  aerosol  model  are  explained 
by  the  high  percentage  of  larger  aerosols 
in  the  size  distribution  for  this  type.  Other 
features  such  as  a peak  around  9-10  micro- 
meters are  caused  by  abnormalities  in 
the  aerosol  refractive  index  at  these  wave- 
lengths. The  major  conclusion  from  these 
model  calculations  is  that  although  the 
visibility  may  be  the  same,  different  types 
of  aerosol  models  will  cause  quite  differ- 
ent attenuation  conditions  in  the  infrared 
and  to  some  extent  also  in  the  ultraviolet. 
These  differences  between  various  aerosol 
types  also  are  quite  noticeable  in  the 
amount  of  contrast  reduction  which  may 
occur.  Such  conclusions  strengthen  the 
need  for  more  detailed  field  measure- 
ments and  for  the  development  of  effi- 
cient and  accurate  computer  programs  to 
perform  such  calculations  for  real-time 
situations. 

However,  since  in  most  practical  situa- 
tions it  will  not  normally  be  possible  to 
obtain  detailed  measurements  of  the  ex- 
isting aerosol  distributions  or  properties, 
it  is  necessary  to  develop  efficient  empir- 
ical correlations  between  aerosol  models 
and  standard  meteorological  conditions. 
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Atmospheric  transmission  along  a vertical 
path  from  sea  level  to  space. 


INFRARED  PHYSICS 

The  infrared  physics  program  includes 
research  on,  and  measurements  of,  the 
mechanisms  of  attenuation,  absorption, 
transmission,  and  emission  of  infrared 
radiation  in  the  aerospace  environment. 
This  includes  infrared  background  emit- 
ted by  the  atmosphere  and  celestial  sky. 
It  also  includes  the  attenuation  by  the 
atmosphere  of  the  infrared  radiation 
from  natural  sources,  natural  or  man- 
made disturbances,  or  targets  such  as 
missile  or  aircraft  plumes. 

The  results  of  these  efforts,  in  addition 
to  the  data  measured  directly,  are  models 
and  computer  codes  which  allow  the  pre- 
diction of  this  infrared  emission  and  trans- 
mission for  any  situation.  Also,  improved 
spectroscopic  measurement  techniques 
are  being  developed. 

Atmospheric  Transmittance-Radiance 
Models:  Models  for  predicting  the  trans- 
mittance and  radiation  properties  of  the 
atmosphere  have  been  developed  for  both 
high  and  low  spectral  resolution  applica- 
tions. Two  basically  different  transmit- 
tance models  have  been  developed. 


The  low-resolution  (20  wave  number 
spectral  resolution)  model  covers  the 
spectral  range  from  0.25  to  28.5  micro- 
meters and  accounts  for  both  molecular 
and  aerosol  attenuation  for  a wide  range 
of  atmospheric  paths.  A graphical  repre- 
sentation of  the  model  is  described  in 
Optical  Properties  of  the  Atmosphere, 
Third  Edition  (AFCRL-72-0497),  and  a 
computer  version  is  given  in  Atmospheric 
Transmittance  from  0.25  to  28.5  Micro- 
meters: Computer  Code  LOWTRAN  3Ii 
AFGL-  I'R-76-0258).  The  latter  computer 
program  contains  three  boundary  layer 
aerosol  models  and  one  model  for  the 
free  atmosphere,  six  standard  geograph- 
ical atmospheric  models  (tropical,  midlat- 
itude  summer,  midlatitude  winter,  sub- 
arctic summer,  subarctic  winter  and  the 
1962  U.  S.  Standard  Atmosphere)  for  al- 
titudes from  0-100  km,  and  a capa- 
bility for  the  user  It)  insert  additional 
(nonstandard)  atmospheric  conditions. 
Recent  additions  included  in  the  LOW- 
I RAN  3B  model  modify  the  water  vapor 
continuum  in  the  4-  and  10-micrometer 
window  regions,  provide  an  option  for 
using  additional  boundary  layer  aerosol 
models  (for  example,  maritime,  urban, 
rural)  and  include  a tropospheric  model 
for  use  above  the  boundary  layer  (that 
is,  above  2 km  altitude).  This  model  has 
been  widely  used  for  making  broadband 
atmospheric  transmittance  estimates.  A 
new  version  of  the  computer  code  has 
been  adapted  to  predict  atmospheric  and 
earth  thermal  backgrounds. 

The  second  atmospheT*'  transmittance 
model,  HITRAN,  uses  the  summation  of 
the  individual  molecular  absorption  line 
profiles  of  the  various  atmospheric  gases 
to  determine  the  monochromatic  trans- 
mittance at  each  wavelength.  This  method 
is  known  as  a “line-by-line  calculation” 
and  can  he  used  to  determine  the  transmit- 
tance of  the  atmosphere  at  any  given 
spectral  resolution  by  averaging  over  the 
required  spectral  interval.  This  is  the  only 
approach  capable  (if  computing  very  high 
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resolution  spectra  for  the  transmittance 
of  laser  beams  through  the  atmosphere. 
This  approach  may  also  be  used  to  pre- 
dict atmospheric  propagation  character- 
istics for  spectral  resolution  up  to  the  20 
wavenumber  capability  of  LOVVTRAN. 

A frequently  asked  question  is:  “What 
laser  frequencies  are  attenuated  the  least 
by  the  atmosphere?”  This  question  has 
been  answered  for  carbon  monoxide, 
hydrogen  fluoride,  deuterium  fluoride 
and  carbon  dioxide  laser  systems  in  a 
summary  report  on  laser  transmittance 
(AFCRL-TR- 74-0003).  In  addition  to 
addressing  the  problem  of  laser  propaga- 
tion of  these  specific  laser  systems,  the 
summary  report  provides  synthetic  spec- 
tra for  the  entire  spectral  region  from 
0.76  micrometer  to  31.25  micrometers, 
thereby  allowing  a quick  estimate  of 
atmospheric  attenuation  for  laser  propa- 
gation throughout  this  entire  portion  of 
the  infrared.  The  compilation  of  atmos- 
pheric absorption  lines  used  as  a basis  for 
much  of  our  work  is  described  in  the 
AFCRL  Atmospheric  Absorption  Line 
Parameters  Compilation  (AFCRL-73- 
0096).  Since  the  publication  of  this  report 
in  early  1973,  we  have  made  available 
over  200  copies  of  these  data  on  magnetic 
tape.  Detailed  information  on  over 
135,000  spectral  lines  in  the  spectral 
region  from  0.68  micrometer  to  the 
microwave  region  are  contained  on  this 
tape.  Atmospheric  species  included  in 
the  compilation  are:  H20,  C02 , 03, 
NjO,  CO,  CH4,  and  02. 

Current  efforts  involve  improving  the 
data  base,  both  by  correcting  existing 
data  and  adding  new  material.  New  ma- 
terial to  be  added  includes  weak  absorp- 
tion features  of  the  major  atmospheric 
absorbing  gases.  Absorption  parameters 
for  trace  atmospheric  and  pollutant  gases 
will  compose  a separate  tape.  Additional 
gases  on  which  some  work  is  currently 
in  progress  include  NO,  N02,  HN03, 
NHj.OH,  HCl.HF,  and  S02. 


Research  on  molecular  spectroscopy  is 
being  conducted  to  provide  the  capability 
of  calculating  molecular  spectroscopic 
parameters  related  to  some  of  these 
atmospheric  gases.  The  parameters  being 
studied  include  transition  frequencies, 
intensities,  line  widths,  line  shapes,  and 
radiative  lifetimes.  Molecular  constants 
are  determined  from  available  spectro- 
scopic data  and  used  to  predict  spectral 
information  at  desired  conditions  of 
temperature,  pressure,  and  abundance. 
Computer  codes  have  been  developed  to 
calculate  molecular  constants  that  are 
difficult  to  measure,  including  those  for 
high  vibrational  states  populated  at  high 
temperatures  and  for  isotopic  species 
that  are  significant  in  weak  absorption 
regions  of  the  atmospheric  spectrum. 

During  the  past  two  years,  a great  deal 
of  the  modeling  effort  has  been  in  direct 
response  to  specific  application  require- 
ments. The  developmen.  of  the  LOW- 
TRAN  3 code  was  spurred  by  such  re- 
quirements. Both  H1TRAN  and  LOVV- 
TRAN have  been  applied  to  a wide  variety 
of  laser  and  broadband  tactical  design 
and  system  application  problems. 

Another  application  of  the  transmit- 
tance modeling  activity  is  the  problem  of 
the  satellite  remote  sensing  of  meteoro- 
logical variables.  The  Line  Parameters 
Compilation  has  been  used  as  a data  base 
for  such  calculations  to  determine  the 
spectral  channels  most  suitable  for  use  in 
satellite  sensor  design.  In  addition,  trans- 
mittance calculations  performed  with 
these  models  are  being  used  in  the  devel- 
opment of  software  packages  for  the 
reduction  of  satellite-measured  radiances 
in  terms  of  the  three  dimensional  struc- 
ture of  temperature  and  moisture. 

The  Line  Parameters  Compilation  has 
also  been  applied  to  the  understanding 
of  the  signature  of  a hot  gas  (for  example, 
the  exhaust  plume  of  an  aircraft)  as  view- 
ed through  a colder  intervening  atmos- 
phere. In  conjunction  with  aircraft-borne 
measurement  programs,  these  calcula- 
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t ions  allow  us  to  investigate  the  altitude 
and  range  dependence  of  exhaust  plume 
emission  signatures. 

Infrared  Background  Measurements: 
The  Air  Force  needs  to  detect  infrared 
emitting  targets  at  the  greatest  possible 
range.  If  these  targets  are  viewed  against 
background  radiance,  knowledge  of  this 
radiation  is  necessary  to  permit  discrimin- 
ation of  the  target  from  the  background. 


V 


Infrarrd  stellar  sources  observed  at  a wave- 
length of  1 1 micrometers  using  a rocket- 
borne  telescope.  The  dotted  line  delineates 
the  galactic  plane. 

The  scope  of  the  problem  is  determined 
by  the  coverage  and  sensitivity  require- 
ments of  the  space  surveillance  program. 
The  first  requirement  is  a specification 
of  the  celestial  background  at  projected 
sensitivity  levels.  These  levels  arc  now 
sufficiently  low  so  that  we  must  be  con- 
cerned not  only  with  stars  but,  in  addi- 
tion, take  into  account  the  effects  of 
zodiacal  radiation  — that  is,  thermal 
emission  from  particles  distributed  about 
the  ecliptic  plane  caused  by  the  absorp- 
tion of  solar  radiation.  The  additional  re- 
quirement to  observe  low-altitude  satel- 
lites means  that  we  must  determine  the 
lower  limit  set  by  the  earth's  upper  atmos- 
pheric limb  radiance. 

The  Division  has  conducted  a scries  of 
experiments  to  obtain  infrared  survey 
data  on  the  celestial  background  with 
state-of-the-art  cryogcnically  cooled  sen- 
sors flown  on  rocket  probes.  The  thrust 
of  the  program  has  been  threefold:  to 


obtain  the  most  complete  sky  coverage 
possible  with  as  high  a sensitivity  as  com- 
patible with  the  need  to  cover  a large  area 
on  each  flight;  to  generate  from  these 
data  a background  map;  and  to  apply 
these  data  to  the  model  to  statistically 
extend  the  empirical  data  base  to  faint 
irradiance  levels. 

To  dal,  about  79  percent  of  the  sky 
has  been  surveyed  at  an  effective  wave- 
length of  4.2  micrometers,  90  percent  at 
1 1 micrometers,  87  percent  at  20  micro- 
meters and  36  percent  at  27  micrometers. 
The  Northern  HemispKere  data  have  been 
published  in  the  AFCRL  Infrared  Sky 
Survey,  I olume  I,  Catalog  of  Observa- 
tions at  4.  II,  and  20  Microns  (AFCRL- 
1 R-75-0373).  A new  catalog  (AFGL-TR- 
76-0208)  which  includes  Southern  Hemi- 
sphere data  is  now  available. 

Present  plans  are  to  develop  instru- 
mentation to  be  flown  on  an  ARIES 
compatible  payload  which  gimbals  the 
cryogenic  sensor.  Each  flight  will  survey 
approximately  35  percent  of  the  sky  at 
effective  wavelengths  of  11,  20  and  28 
micrometers.  I he  optics  will  permit 
scanning  to  -55  degrees  in  declination 
from  White  Sands  Missile  Range  with 
no  degradation  in  sensitivity,  permitting 
coverage  of  the  important  area  south 
of  the  galactic  center. 

Preliminary  data  for  the  earth  limb 
and  zodiacal  radiances  were  obtained 
August  3,  1976  from  a rocket  probe 
launched  at  White  Sands  Missile  Range, 
New  Mexico.  The  experiment  took  ad- 
vantage of  the  excellent  out-of-ficld-of- 
view  rejection  characteristics  of  the  sen- 
sor. The  combined  experiment  obtained 
data  of  the  earth’s  atmosphere  as  well  as 
zodiacal  data  particularly  at  angles  close 
to  the  sun. 

Parallel  efforts  to  develop  computer 
codes  which  model  the  infrared  radiance 
from  the  upper  atmosphere  have  been 
under  way  for  the  past  five  years.  The 
model  incorporates  photochemical  and 
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WAVELENGTH  (MICRONS) 


Infrared  limb  radiance  from  the  high-altitudr 
radiance  model.  Data  refer  to  a 500-km 
tangent  height. 

thermal  emission  mechanisms  for  the 
major  infrared  active  molecular  species. 
Radiance  profiles  can  be  generated  in  the 
5 to  25  micrometer  region  up  to  500  km 
altitude.  The  presently  available  model  is 
an  updated  version  of  the  results  reported 
in  AFCRL-TR-74-0606. 

The  zodiacal  light  represents  the  limit- 
ing background  for  observations  made  in 
deep  space.  The  present  program  envi- 
sions experimental  flights  to  provide  the 
basis  for  a complete  model  of  the  zodiacal 
light.  The  cryogenic  sensors  for  carrying 
out  these  measurements  are  being  design- 
ed and  constructed  at  AFGL. 

Multiplex/High-Throughput  Spectros- 
copy: Detailed  knowledge  of  the  spectral 
characteristics  of  background  radiation 
and  of  atmospheric  emission  and  absorp- 
tion  arc  required  to  design  high  sensitivity 
military  sensors  for  optimum  perfor- 
mance. Concurrently,  research  on  tech- 
niques to  enhance  the  sensitivityofsensors 
must  be  performed.  Multiplex/high 
throughput  techniques  can  yield  the 
required  detailed  spectral  information 
and  at  the  same  time  be  used  to  develop 
more  sensitive  sensors. 
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The  absorption  spectrum  of  methane  measured 
in  the  laboratory  with  the  2-mcter  path  dif- 
ference interferometer.  The  spectral  resolu- 
tion is  0.006  wavenumber. 

Research  on  improved  spectrometric 
techniques  is  being  done  in-house  and 
contractually.  In-house,  a 2-meter  path 
difference  cat's  eye  interferometer,  cap- 
able of  yielding  an  apodized  resolution 
of  0.005  wavenumber,  was  assembled 
and  hits  yielded  high-resolution  spectra 
of  methane,  carbon  dioxide,  and  water 
absorptance.  These  data  will  be  used  to 
update  the  transmission  computer  codes. 
Since  the  2-mcter  interferometer  has  a 
built-in  calibration  consisting  of  a fre- 
quency-stabilized helium-neon  laser,  it 
yields  high-confidence  data.  This  instru- 
ment will  also  be  used  to  determine  the 
efficiency  of  background  suppression 
techniques  being  pursued  at  AFGL 
based  on  a double-beaming  technique  in 
Fourier  spectroscopy  developed  at  AF'GL. 

An  advanced  state-of-the-art  9.1  wave- 
number  cryogenic  cat’s  eye  interfero- 
meter is  being  developed  for  stratospheric 
background  emission  studies.  Once  its 
performance  is  demonstrated  by  balloon- 
borne  measurements,  this  instrument  will 
serve  as  a prototype  for  use  in  systems 
and  measurement  programs  requiring 
high-sensitivity,  high -resolution  perform- 
ance. 

A singly  encoded  Hadamard  spectro- 
meter capable  of  yielding  a multiplex 
advantage  of  about  256  was  assembled 
and  tested.  The  unique  feature  of  this 
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instrument  is  that  it  is  the  first  Hadamard 
spectrometer  employing  an  exit  mask 
with  curved  slots,  thereby  increasing  the 
throughput  (when  compared  to  a “straight 
slot”  Hadamard  spectrometer)  nearly  an 
order  of  magnitude.  The  curvature  of  the 
slots  in  the  exit  mask  was  calculated  by 
incorporating  the  aberration  properties 
of  the  optical  components  as  well  as  the 
dispersive  property  of  the  grating. 

Remote  Sounding:  The  first  meteoro- 
logical satellites  were  designed  to  transmit 
cloud  pictures.  It  was  soon  realized  that 
the  atmospheric  emission  in  the  thermal 
infrared  region  of  the  spectrum  was  re- 
lated to  the  temperature  of  the  atmos- 
phere, so  that  remote  passive  temperature 
sensing  was  possible.  This  possibility  fol- 
lows from  the  relation  between  the  atmos- 
pheric emission  in  the  thermal  infrared 
region  of  the  spectrum  and  the  vertical 
atmospheric  temperature  field.  Vertical 
temperature  inferencing  became  opera- 
tional in  1970  with  the  orbiting  of  the 
Vertical  Temperature  Profile  Radiometer 
(VTPR)  sounder  aboard  a NASA-.N'OAA 
meteorological  satellite.  Similar  data  ob- 
served by  the  Defense  Meteorological 
Satellite  Program  (DMSP)  became  general- 
ly available  in  1974.  Later  versions  of 
these  vertical  sounding  systems  also  con- 
tain spectral  channels  intended  to  sound 
the  vertical  distribution  of  water  vapor,  a 
parameter  of  substantial  interest  to  the 
Air  Force. 

Work  in  the  Division  has  been  concen- 
trated in  two  areas:  1 ) The  transmittance 
modeling  described  above  has  been  ap- 
plied to  the  development  of  new  design 
concepts  and  data  analysis  schemes  for 
the  remote  sounding  of  the  vertical  dis- 
tributions of  temperature  and  water  va- 
por in  the  infrared  and  microwave  regions 
of  the  spectrum.  Modifications  to  existing 
infra,  ed  sensors  have  been  proposed  and 
constructed  and  these  modified  sensors 
will  be  flown  on  future  Defense  Meteoro- 
logical Satellites.  A study  of  water  vapor 
and  15-micron  carbon  dioxide  transmit- 


tances  is  under  way  to  aid  in  the  under- 
standing and  interpretation  of  discrepan- 
cies found  in  comparisons  of  satellite 
measured  and  computed  atmospheric 
radiance  distributions.  2)  The  ultimate 
utilization  of  the  satellite  measured  radi- 
ances in  the  thermal  infrared  requires  an 
inversion  procedure,  a mathematical  de- 
vice whereby  either  the  vertical  distribu- 
tion of  temperature  (or  water  vapor)  or 
the  vertical  distribution  of  the  sources 
and  sinks  of  radiation  in  the  atmosphere 
are  derived  from  a spectral  scan  of  the 
upwelling  radiance.  This  information  is 
then  fed  into  dynamical  models  of  atmos- 
pheric motion  as  a key  element  of  weather 
forecasting  on  various  scales. 
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Satellite  temperature  sounding  using  the  15- 
micromrter  band.  Arrows  indicate  the  approx- 
imate atmospheric  levels  from  which  the  radi- 
ation at  the  frequencies  of  the  DMSP  channels 
is  emitted  to  space. 

Using  such  a spectral  s<.  an  to  determine 
the  temperature  (or  moisture)  at  each 
level  in  the  atmosphere  has  proved  to  be 
very  difficult.  All  levels  of  the  atmosphere 
contribute  at  each  particular  frequency, 
so  that  the  rudiuncc  sensed  by  the  satel- 
lite is  a mixture  of  thermal  information 
from  all  levels.  Probing  different  frequen- 
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cies  merely  weights  radiation  according 
to  height,  depending  on  the  transmittance 
of  the  atmosphere. 

Mathematically,  the  radiation  is  ex- 
pressible as  an  integral  transform  of  the 
temperature-related  Planck  intensity  sum- 
med over  the  atmosphere.  Typically,  the 
radiances  are  observed  over  six  to  eight 
different  frequency'  channels.  The  vertical 
temperature  distribution  is  then  recover- 
able as  an  inverse  transform  of  the  radi- 
ance profile,  hence,  the  name  inversion 
given  to  this  particular  inference  problem. 
The  heart  of  the  problem  is  that  the  verti- 
cal temperature  distribution  is  deduced 
from  intensity  differences  between  neigh- 
boring frequency  channels,  a second  order 
effect.  First,  the  finite  numberof  channels 
of  observation  mean  that  many  solutions 
for  the  temperature  profiles  are  possible. 
Second,  most  inversion  methods  use  some 
a priori  algorithm  in  an  attempt  to  smooth 
out  the  inevitable  noise  in  the  data  and 
thus  run  the  risk  of  discarding  useful  in- 
formation. Techniques  are  being  devel- 
oped which  will  recognize  noise  in  the 
radiation  measurement  data  and  eliminate 
it  from  the  data  base  which  is  then  used 
to  infer  temperature  profiles. 

RADIATION  EFFECTS 

The  primary  research  of  this  branch  of 
the  Division  is  the  optical/infrared  prop- 
erties of  the  upper  atmosphere,  both 
under  normal  conditions  and  when  it  is 
disturbed  by  auroras  or  nuclear  detona- 
tions. At  the  altitudes  considered,  ther- 
mal equilibrium  usually  does  not  exist, 
and  it  is  necessary  to  consider  the  colli- 
sions or  interactions  of  individual  pairs 
or  triads  of  molecules,  one  or  more  of 
which  may  be  an  excited  state  (that  is, 
with  excess  internal  energy).  Extensive 
laboratory  and  theoretical  studies,  as  well 
as  rocket  and  aircraft  measurements  of 
upper  atmospheric  optical/infrarcd  phe- 
nomena arc  carried  out.  The  results  of 
these  laboratory  studies  and  aircraft 


measurements  also  apply  to  missile  or 
jet  engine  plume  infrared  radiation,  which 
have  also  been  measured.  The  goal  of  the 
research  is  to  generate  both  directly  mea- 
sured data  and  also  models  and  computer 
codes  which  permit  the  prediction  of  the 
optical/infrared  emission  of  the  upper 
atmosphere,  particularly  under  disturbed 
conditions.  Such  data  and  codes  are  par- 
ticularly applicable  to  surveillance  and 
detection  systems  operating  in  space  or 
near  space. 


Optical/Infrared  Code  (OPTIR  ):OPTIR 

is  a computer  code  and  modeling  effort 
which  describes  the  optical/infrared  char- 
acteristics of  natural  and  high  energy- 
sources  in  the  atmosphere.  The  code  is 
particularly  designed  to  model  nuclear 
detonations  in  the  atmosphere  and  pre- 
dict their  effects  on  optical/infrared  sys- 
tems. Modular  sub-elements  of  the 
OPTIR  code  have  been  adapted  for  speci- 
fic radiation  and  energy  deposition 
applications,  such  as  low-altitude  burst 
signatures  (TACTIR),  auroral  deposition 
and  radiative  characteristics  (OPTAUR), 
and  observations  by  surveillance  systems 
(SAMPER). 


A model  for  the  production  and  decay 
of  a condensation  cloud  following  a low- 
altitude  burst  in  a moist  atmosphere  has 
been  developed  and  coupled  with  a mo- 
del of  the  time-dependent  radiative  trans- 
port through  the  cloud.  For  radiative 
transmission  in  non-disturbed  atmos- 
pheres the  AFGL  LOVVTRAN  3 model 
has  been  included  as  an  overlay  in  OPTIR. 
The  atmospheric  heave  model  has  been 
expanded  to  incorporate  the  effects  of 
ultraviolet  radiation  and  has  been  coupled 
to  the  OPTIR  code  to  permit  the  descrip- 
tion of  a second  burst  in  the  modified 
atmosphere  following  a first  burst.  The 
Jenscn-Cain  model  of  the  geomagnetic 
field  has  been  included  in  OPTIR  which 
provides  the  capability  of  locating  the 
debris  conjugate  regions  of  a high-altitude 
burst  and  the  declination  and  inclination 
angles  of  the  field. 


The  OPTIR  capability  has  been  used 
effectively  in  programs  to  determine 
nuclear  effects  on  optical/infrared  sys- 
tems. The  potential  concerns  to  optical/ 
infrared  systems  arising  from  nuclear 
bursts  have  been  cataloged.  Correlations 
of  visible/infrared  data  obtained  in  Proj- 
ect ICECAP  have  been  utilized  in  a de- 
termination of  the  time-space  structural 
characteristics  of  auroral  infrared  radia- 
tion for  optical/infrared  systems. 

Aircraft  Program:  The  AFGL  Flying 


obscuring  clouds  and  absorbing  atmos- 
pheric constituents.  Geographic  and  sea- 
sonal variations  in  specific  phenomena 
can  be  readily  studied  from  this  platform. 
These  activities  are  closely  coordinated 
with  rocket  probe  and  balloon-borne 
measurements,  and  are  planned  to  test 
specific  theoretical  modeling  based  on 
laboratory  simulation  results. 


Infrared  Laboratory  is  an  NKC-135  air- 
craft, modified  to  provide  55  viewing 
ports  behind  which  selected  radiometers, 
interferometer-spectrometers,  and  spatial 
mappers  are  operated  as  primary  data 
collection  systems.  The  aircraft  measure- 
ment program  has  pioneered  in  the  acqui- 
sition of  infrared  sky  background  emis- 
sion levels  against  which  current  and  fu- 
ture Air  Force  systems  must  operate. 


The  AFGL  Optical/Infrared  Flying  labora- 
tory, an  NKC-135  modified  extensively  for 
infrared  research,  provides  access  to  environ- 
mental measurements  over  a wide  variety  of 
geographic  and  meteorological  conditions. 

The  airborne  program  capitalizes  on 
the  cost-effective  world-wide  deployment 
capability  of  the  reliable  jet  tanker,  and 
provides  the  infrared  research  scientist  a 
laboratory  environment  above  most 


AFGL  prototype  Michclson  interferometer 
operated  at  liquid  nitrogen  temperatures 
de  signed  for  aircraft  deployment.  This  instru- 
ment is  now  capable  of  producing  infrared 
spectra  with  one  wavenumber  resolution. 

The  instrumentation  is  developed  to 
be  interchangeable  between  the  airborne 
laboratory  and  close-in  ground  stations 
to  insure  the  quality  and  reliability  of 
each  measurement.  An  extensive  controll- 
ed calibration  and  coordinated  data  re- 
duction effort  continuously  monitors 
each  instrument’s  performance  and  en- 
hances data  analysis.  Both  absolute  mea- 
sured irradiance  and  absolute  source 
radiance  spectral  data  plots  of  field  mea- 
surements arc  provided;  absolute  infrared 
spatial  data  isoradiance  arrays  arc  avail 
able  to  assist  in  the  analysis  effort. 

An  extensive  data  base  of  atmospheric 
transmission  and  infrared  background 
measurements  has  resulted  from  the  tar- 
get/background missions  on  which  the 
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Flight  test  configuration  of  prototype  inter- 
ferometer installed  on  the  Infrared  /Optical 
Flying  Laboratory  to  measure  the  upper 
atmosphere  emissions  through  a liquid  nitro- 
gen-cooled window. 


interferometer-spectrometers  were  used. 
The  variety  of  instruments  and  informa- 
tion display  techniques  allows  maximum 
utilization  of  the  data  from  each  mission. 
Airborne  measurements  of  atmospheric 
spectral  transmission  are  an  integral  part 
of  each  measurement  profile  and  provide 
the  data  for  the  AFGL  LOVVTRAN-3 
and  HITRAN  transmission/emission 
codes  to  predict  the  infrared  signature  as 
viewed  from  a more  complicated  geome- 
try or  from  space.  This  is  accomplished 
with  the  Type  V interferometer-spectro- 
meter measurements  which  have  a resolu- 
tion of  I wavenumber  over  the  spectral 
range  2-5.5  micrometers.  The  specific- 
source  or  background  of  interest,  as 
viewed  through  the  intervening  atmos- 
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Indicative  of  the  difference  in  background 
measurements  is  this  daytime  comparison  of 
the  desert  spectra  observed  between  1.7  and 
5.5  micrometers  (resoUjtion  4 wavenumbers) 
from  29,000  feet  altitude  at  a 45-degree  de- 
pression angle  and  the  clear  sky  spectra  ob- 
served between  4.0  and  5.3  micrometers 
(resolution  1 wavenumber)  from  15,000  feet 
altitude  at  an  8-degree  elevation  angle. 


phcrc,  is  monitored  at  selected  infrared 
wavelengths  by  the  several  spatial  map- 
pers, and  when  correlated  with  the  visible 
aiming  camera  record,  becomes  the  basis 
for  spatial  “footprint"  analysis.  However, 
the  experimenter  determines  the  selection 
of  the  wavelengths  to  be  covered,  the 
sensitivities  required,  the  specific  instru- 
ments and  modifications  thereto,  and 
the  mission  profile  best  suited  to  acquire 
the  data. 


RADIANCE  (NANOWATTS/ SR2CM) 
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The  aircraft  missions  obtain  data  neces- 
sary to  Air  Force  and  1)01)  evaluation 
and  development  programs.  A typical  re- 
sult from  this  field  data  is  taken  from 
the  March  1975  airborne  participation  in 
the  ICECAP  auroral  measurements.  Fly- 
ing at  35,000  feet,  the  flying  laboratory 
carried  three  radiometers  to  monitor  the 
intensity  of  the  0.39-micrometer  Nj  first 
negative  band,  the  1.70-micrometer  OH 
Meinel  band,  and  the  2.83-micrometer 
combined  radiation  from  the  NO  funda- 
mental vibration-rotation  bands,  OH 
Meinel  band  and  water  vapor  thermal 
emission.  These  measurements  were  made 
possible  by  use  of  the  unique  cryogenic- 
coolcd  optical  chopper  operated  external 
to  the  aircraft  skin  the  same  system 
which  obtained  the  first  zenith  mid-SW'lR 
atmospheric  emission  spectra  reported  in 
1974  in  Applied  Optics  and  the  last  Re- 
port on  Research.  Correlative  enhance- 
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Measurements  made  on  March  10,  1975 
from  35,000  feet  over  Alaska  of  nif^ht  aurora 
zenith  emissions.  First  overtone  of  OH 
compared  with  fundamental  OH  and  NO, 
and  Nj  first  negative  hand  during  auroral 
activity  recorded  in  all-sky  camera  sequence 
Flying  Infrared  Laboratory  ICECAP  data. 

ments  between  0. 39-micrometer  and 
2.83-micrometer  signals  weic  observed 
during  bright  visible  auroral  activity  in 
the  winter  zenith  sky  over  Alaska,  while 
the  1.70-micromcter  measurement  indi- 
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catcd  that  the  OH  radiation  remained 
quiescent.  The  observations  have  been 
interpreted  as  the  first  measurement  from 
an  aircraft  of  vibrationally  excited  NO 
molecules  in  the  aurorally  enhanced  up- 
per atmosphere.  The  whole  story  of  au- 
roral infrared  chemistry  and  the  resulting 
infrared  signatures  is  being  pursued  by 
continuing  coordinated  measurements. 

Prototype  cryogenic  interferometer/ 
radiometer  development  continues  to- 
ward the  next  generation  of  fully  cold 
systems  viewing  through  frost-free  win- 
dows cooled  to  liquid  nitrogen  tempera- 
tures. Software  development  for  data 
reduction  and  handling  has  progressed 
significantly.  A great  deal  of  emphasis  is 
being  placed  on  this  important  and  de- 
manding task.  Each  of  the  basic  measure- 
ment tools  (interferometric  spectro- 
meters, multi-channel  radiometers  and 
spatially  scanning  radiometers)  requires 
unique  analysis  tools  and  techniques  for 
proper  data  reduction  and  analysis.  For 
the  interferometers,  a very  high  resolu- 
tion Fourier  Analyzer  is  necessary,  and  a 
specially  modified  commercial  system  is 
used.  With  this  tool,  special  software  and 
hardware  have  been  created  in-house  for 
data  previewing,  co-adding,  Fourier  anal- 
ysis, calibration,  digital  recording  display 
and  plotting.  For  spatial  radiometric  anal- 
ysis, a special  purpose  minicomputer  sys- 
tem has  been  acquired  capable  of  inter- 
facing to  a high-resolution  intensity-mod- 
ulation display  and  CR  I'-graphic  display 
system.  With  the  in-house  software  pro- 
grams and  procedures  being  developed,  a 
capability  is  being  achieved  to  produce 
spatial  images  yielding  quantitative  spa- 
tial infrared  intensity  distribution.  The 
goal  of  the  data  analysis  effort  is  to  turn 
the  measurements  made  from  the  aircraft 
into  meaningful  data  that  directly  satisfy 
Air  Force  mission  requirements. 

ICECAP:  On  April  1,  1976  the  first 
altitude  profile  of  emission  spectra  of 
atmospheric  species  O,  (9.6  micro- 
meters), C()2  (15  and  4.3  micrometers) 
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and  NO  (5.6  micrometers)  at  2 wavenum- 
ber resolution  were  obtained  from  a rock 
etbortie  cryogenic  High-Resolution  Inter- 
ferometer-Spectrometer (JURIS)  experi- 
ment. The  Sergeant  rocket,  launched  at 
Poker  Flat,  Alaska,  carried  the  900-pound 
payload  to  an  apogee  of  126  km.  The 
payload  penetrated  an  aurora  on  rocket 
ascent  and  descent  that  had  been  pre- 
dosed by  intense  aurora!  breakup  minutes 
before.  A total  of  I 50  spectral  scans  were 
obtained  between  cover  opening  at  88 
km  on  upleg  and  closing  at  62  km  on  the 
downleg.  The  instrument  was  parachuted 
to  earth  and  successfully  recovered  in  ex- 
cellent condition. 

The  HIR1S  instrument  is  a Michelson 
interferometer  which  scans  the  spectral 
region  from  455  to  2500  wavenumbers 
(4  to  22  micrometers)  and  produces  a 
double -sided  interferogram  every  1.36 
seconds.  The  interferometer  consists  of  a 
base,  slide  assembly,  fixed  and  moving 
mirrors,  all  made  of  hardened  A-2  steel 
for  homogeneous  thermal  response.  The 
entire  optical  system  including  detector, 
collecting  optics,  interferometer  cube  and 
baffles  is  operated  at  approximately  10 
degrees  K through  cooling  with  super- 
critical helium.  This  method  of  operation 
provides  conditions  of  low  background 
radiation  for  the  arsenic  doped  silicon 
detector.  The  reduced  flight  spectra  show 
the  instrument  yielded  better  than  the 
expected  2 wavenumber  resolution. 

At  approximately  90  km,  after  vehicle/ 
payload  separation,  clamshell  nosccone 
ejection  and  cover  opening,  the  payload 
went  into  a pitch  maneuver  resulting  in 
an  instrument  ficld-of-view  which  scan- 
ned vertically,  through  the  earth  limb 
and  down  at  the  earth  at  a rate  of  10.5 
degrees  per  second.  The  payload  made 
six  complete  revolutions  during  the  150 
spatial  scans  obtained.  During  each  revo 
lution,  approximately  12  spectra  above 
the  horizon,  two  spectra  of  the  earth  limb 
and  12  spectra  of  the  earth  itself  were 
taken.  These  data  arc  being  reduced  and 


Vertical  viewing  high  resolution  spectrum  of 
carbon  dioxide  bands  at  76  km  during  the 
downleg  trajectory  of  the  H1RIS  rocket 
flight. 


analysis  will  yield  significant  new  results. 
With  the  launch  of  the  111R1S  rocket  in 
April  1976,  the  field  measurements  por- 
tion of  ICECAP  (Infrared  Chemistry 
Experiments  for  the  Coordinated  Auroral 
Program)  was  brought  to  a successful 
conclusion.  ICECAP  was  an  integrated 
rocket,  aircraft,  and  ground  measure- 
ments program  initiated  in  1972  by  the 
AFGI.  and  DNA  (Defense  Nuclear 
Agency)  and  carried  out  in  the  auroral 
zone.  The  program  took  advantage  of 
naturally  occurring  disturbances  of  the 
upper  atmosphere  to  investigate  the 
spectral,  spatial,  and  temporal  behavior 
of  atmospheric  infrared  emissions,  iden- 
tify the  critical  radiation-related  species 
and  reactions,  and  provide  rate  coeffi- 
cient information  and  bench  marks  for 
computer  codes  that  predict  the  back- 
ground radiances.  These  studies,  utilizing 
the  extraordinary  data  base  achieved  by 
the  experimental  investigations,  will  con- 
tinue for  several  years  although  new,  im- 
mediately useful  and  significant  results 
have  already  been  published.  The  devel- 
opment of  state-of-the-art  sensitive  cryo- 
genic (nitrogen  and  helium  cooled)  spec- 
tral instruments  for  ground,  aircraft  and 
particularly  rocket-borne  investigations 
of  the  upper  atmosphere  was  a particular- 
ly important  facet  of  this  program. 
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A total  of  24  rockets  were  launched  in 
the  years  1972  through  1976.  Some  of 
these  made  cryogenic  radiometric  mea- 
surements of  infrared  bands  and  were 
fired  in  predetermined  sequence  for  auro- 
ral dynamic  and  night/day  studies  using 
small  single-  or  two-stage  rockets.  Other 
rockets  were  launched  with  cryogenic 
spectrometers  for  first -of-a-kind  measure- 
ments of  auroral  infrared  emissions.  Fin- 
ally, there  were  four  rockets  that  were 
launched  in  successive  years  that  carried 
multiple  experimental  payloads  for  the 
simultaneous  measurement  of  the  energy 
spectra  of  the  bombarding  auroral  par- 
ticles, the  composition,  ionization,  tem- 
perature and  electric  fields  of  the  disturb- 
ed medium,  and  the  visible  and  infrared 
emissions.  Up  to  25  separate  experiments 
were  flown  on  these  large  multi-staged 
rockets  with  supporting  ground  optical 
and  radar  measurements.  These  data 
establish  the  bench  marks  for  the  auroral 
and  nuclear  computer  codes  such  as 
OPTIR  and  ARTIC.  In  addition  the  AFGL 
Flying  Infrared  Laboratory  flew  many 
supporting  and  independent  missions  in 
this  program.  A special  series  of  reports 
called  HAES  (High  Altitude  Effects 
Simulation)  Reports  has  been  instituted 
to  provide  a mechanism  for  dissemina- 
tion of  the  tremendous  amount  of  data 
accumulated,  and  over  100  reports  have 
been  published  to  date. 

Significant  progress  has  been  made  in 
the  understanding  and  modeling  of  the 
upper  atmospheric  infrared  emissions. 
Calculations  of  the  C02  15-micrometer 
radiance  from  sea  level  to  150  km  are  in 
reasonable  agreement  with  the  measure- 
ments. The  same  high  altitude  radiance 
model,  however,  predicts  the  9.6-micro- 
meter ozone  radiation  to  be  about  a 
factor  of  5 less  than  the  observations 
from  70  to  100  km.  It  is  not  known 
whether  the  accepted  ozone  concentra- 
tions arc  too  low  or  whether  the  model 
is  in  error.  There  is  less  confidence  in  the 
Oj  mixing  ratios  than  for  C02 . As  report- 


Vertical  viewing  high  resolution  spectrum  of 
ozone  at  9.6  micrometers  at  76  km  during 
the  downleg  trajectory  of  the  HIRIS  rocket 
flight. 

ed  previously,  this  program  obtained  the 
first  auroral  enhancements  of  2.8  and  5.3- 
micrometer  emission  from  nitric  oxide, 
and  4.3-micrometer  emission  from  car- 
bon dioxide. 

Analysis  indicates  that  the  observed 
temporal  and  spatial  behavior  of  the  4.3- 
micrometer  auroral  radiation  can  be  ex- 
plained by  a mechanism  involving  vibra- 
tional excitation  of  nitrogen  by  direct 
electron  impact,  followed  by  a collisional 
resonance  vibrational  transfer  to  excite 
carbon  dioxide,  followed  by  emission  by 
the  carbon  dioxide  at  4.3  micrometers. 
This  mechanism  is  complicated  by  repeat- 
ed transfers  of  the  vibrational  energy 
back  and  forth  between  nitrogen  and  car- 
bon dioxide,  and  by  repeated  absorption 
and  emission  by  the  carbon  dioxide, 
which  is  optically  thick  enough  below  90 
km  to  ensure  that  the  4.3-micrometer 
radiation  will  be  absorbed  and  rc-cmitted 
many  times  as  it  escapes  from  the  atmos- 
phere. The  data  requires  from  3 up  to  18 
vibrational  quanta  or  excited  nitrogen 
molecules  produced  per  ionization  event. 
Another  significant  result  caused  by  the 
absorption  and  re -emission  of  all  of  the 
radiation  is  that  the  time  response  for 
the  auroral  4.3-micrometcr  emission  is  of 
the  order  of  5 to  10  minutes  after  the 
electron  deposition. 
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Measurements  during  quiet  conditions 
showed  a 5.3-micrometer  profile  similar 
to  those  under  auroral  conditions,  except 
without  the  slight  bulges  at  auroral  alti- 
tudes, while  there  was  no  detectable  emis- 
sion at  2.8  micrometers.  The  principal 
mechanism  for  nitric  oxide  excitation 
under  nonauroral  conditions  is  due  to 
earthshine  (resonance  fluorescence)  and 
oxygen  atom  interchange.  The  oxygen 
atom  interchange  reaction  is  not  energetic 
enough  to  excite  vibrational  levels  above 
the  first,  and  at  the  collision-limited  den- 
sities above  100  km,  most  of  the  ambient 
nitric  oxide  is  in  the  ground  state;  conse- 
quently, both  mechanisms  raise  nonex- 
cited  nitric  oxide  only  to  the  first  vibra- 
tional level.  Consequently,  there  is  a high 
altitude  emission  layer  of  5.3-micrometer 
radiation  which  peaks  at  about  130-140 
km.  Russian  observers  in  a limb  viewing 
mode  aboard  Saiyut  4 recently  reported 
observing  these  emissions  at  higher  alti- 
tudes ( 1 50-200  km). 

Aurora  produces  nitric  oxide  which  is 
excited  to  high  vibrational  levels  and  thus 
results  in  overtone  emission  at  2.8  micro- 
meters as  well  as  5.3-micrometer  radia- 
tion. This  is  because  the  nitric  oxide  exci- 
tation occurs  during  the  formation  pro- 
cess when  nitrogen  atoms  (produced  pri- 
marily by  ion  recombination)  react  with 
oxygen  molecules  and  the  reactions  have 
excess  energy  (exothermic).  A portion  of 
this  excess  energy  is  used  in  forming  NO 
at  high  vibrational  levels.  This  molecular 
emission  is  referred  to  as  a chemilumine- 
scent reaction.  Thus,  auroral  emissions  at 
2.8  micrometers  arc  a direct  way  to  ob- 
serve the  formation  of  NO. 

Laboratory  Cold  Infrared  Chemilu- 
minescent Experiments:  The  laboratory 
has  built  and  is  now  operating  a new  u- 
nique  facility  to  study,  in  a controlled  lab- 
oratory environment,  specific  chemical 
interactions  which  are  important  sources 
of  atmospheric  infrared  radiation  that 
could  compromise  the  performance  of 
defense  systems.  Prediction  and  assess- 


ment of  background  radiance  perturba- 
tions resulting  from  natural  and  artificial 
disturbances  requires  a determination  of 
the  efficiency  with  which  reactions  pro- 
duce excited  molecules  and  the  magni- 
tudes of  processes  which  allow  radiation 
of  the  excitation  energy  and  its  redistrib- 
ution or  degradation.  The  long  radiative 
lifetimes  of  vibrational  infrared  transi- 
tions make  it  necessary  to  operate  exper- 
imentally at  pressures  low  enough  to 
simulate  upper  atmospheric  densities  and 
still  not  suffer  the  penalty  of  spurious 
laboratory  effects  such  as  ’.'all  collisions. 

These  conditions  have  been  achieved 
uniquely  by  the  new  facility,  called 
COCHISE  (COld  CHcmiexcited  Infrared 
Simulation  Experiments).  The  entire  ex- 
periment is  conducted  inside  a cavity  held 
at  20  degrees  K by  a closed-cycle  helium 


A general  view  of  the  COCHISE  facility  show- 
ing the  main  vacuum  chamber  in  foreground. 

The  control  electronics  at  the  left  and  a por- 
tion of  the  closed  cycle  helium  refrigerator 
in  the  background  to  the  right. 

gas  refrigeration  system.  Part  of  the  refrig- 
eration capacity  is  also  used  to  provide  a 
cryopumping  capability  within  a closely 
temperature-controlled  reaction  chamber 
inside  the  20  degrees  K cavity  which 
serves  effectively  as  a wall-less  reaction 
volume  within  which  chemical  intcrac- 
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tions  are  initiated.  An  infrared  scanning 
monochromator  stationed  behind  a win- 
dow in  another  portion  of  the  20  degrees 
K.  environment  observes  the  resulting  ra- 
diation. Since  the  effects  of  thermal 
background  radiations  on  the  infrared  in- 
strument have  been  completely  elimi- 
nated in  this  way,  upwards  of  five  orders 
of  magnitude  improvement  in  detectivity 
over  room  temperature  operation  have 
been  achieved,  and  are  required  to  ob- 
serve the  low  radiation  density  in  the  mil- 
litorr  pressure  range  reaction  cell. 

In  initial  applications,  chemistry  has 
been  initiated  by  mixing  the  products  of 
a microwave  discharge  with  unactivated 
target  gases;  with  contact  times  of  a few 
milliseconds  the  radiation  observed  is  rep- 
resentative of  the  initialundisturbcd  prod- 
uct molecule  vibrational  distribution. 
Further  development  is  under  way  to  add 
ultraviolet  and  tunable  laser  diagnostics 
for  ionic  and  non-radiating  species  which 
will  allow  the  laboratory  to  make  a 
unified  approach  to  problems  requiring 
detailed  study.  Upon  completion  of  the 
present  analysis  task  the  facility  will  be 
used  to  provide  a complete  account  of 
the  infrared  radiation  emitted  by  vibra- 
tionally  excited  ozone  molecules  formed 
in  oxygen  atom  recombination. 

Infrared  Radiation  from  Air  Excited 
by  Electron  Deposition:  Electron  excita- 
tion and  subsequent  energy  transfer  proc- 
esses by  atmospheric  species  occur  in 
the  upper  atmosphere  either  naturally  as 
in  the  aurora  or  following  a high  altitude 
nuclear  event.  Detailed  information  of 
these  exchange  processes,  which  control 
the  radiative  state  of  the  atmosphere,  arc 
obtained  using  our  laboratory  simulation 
facilities  and  measuring  the  visible  and 
infrared  emission  produced  by  energetic 
electron  irradiation  of  atmospheric  gases. 
Excitation  is  accomplished  by  electrically 
pulsing  an  electron  beam  of  0-5  milliamp 
over  a 500  to  50,000  volt  range  into  a 
target  chamber  containing  atmospheric 


gas  mixtures  at  pressures  of  1/10,000  to 
1 atmosphere. 

Recent  experiments  have  concentrated 
on  determining  the  dynamic  behavior  of 
excited  gases  by  observing  the  evolution- 
ary history  of  the  radiation  produced 
during  and  after  electron  impact.  The 
measurement  technique  of  Fourier  Time 
Resolved  Spectroscopy  is  used  to  obtain 
the  time  dependence  of  the  infrared  emis- 
sions. This  technique,  developed  at  AFGL, 
is  based  on  time  gating  the  signal  of  a 
Michelson  interferometer-spectrometer 
at  corresponding  sampling  positions  of 
the  interferometer  stroke  to  obtain  a 
series  of  time  sequenced  interferograms. 
Fourier  transformation  of  the  series  of 
interferograms  gives  the  entire  infrared 
radiation  evolution  of  the  excited  gas. 


Intcnaity  Decay  of  COj 
with  Various  Gaioi  , , 


WAVENUMBER 

Decay  of  the  infrared  emission  from  carbon 
dioxide  in  100-microsecond  intervals  follow 
ing  the  removal  of  the  electron  excitation. 
The  three  curves  show  the  differences  in  the 
decay  in  (top  to  bottom)  nitrogen,  helium, 
and  argon.  Each  spectrum  has  been  degraded 
from  the  2-wavenumber  resolution  achieved 
in  the  experiment  to  20  wavenumbers, 
since  the  detailed  spectra  would  be  overlapped 
and  indistinguishable  in  this  type  of  figure. 
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Typically  the  radiation  to  be  observed  is 
weak;  hence,  the  throughput  and  multi- 
plex advantagesof  Fourier  interferometry 
are  essential  to  perform  the  required 
spectral  measurements.  The  capability  of 
our  time  resolved  technique  has  been  im- 
proved so  that  the  spectral  region  of  1-6 
micrometers  with  2-wavenumber  resolu- 
tion can  be  obtained  simultaneously  in 
time  increments  of  10  microseconds. 

Earlier  measurements  of  the  time-de- 
pendent emission  ot  the  nitric  oxide 
fundamental  bands  produced  by  irradiat- 
ing mixtures  of  nitrogen  and  oxygen  gave 
the  composite  quenching  rate  of  excited 
nitric  oxide  by  oxygen  and  nitrogen.  With 
our  increased  resolution,  the  detailed 
quenching  rates  of  each  individual  vibra- 
tional state  comprising  the  fundamental 
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The  emission  spectrum  of  nitric  oxide  pro- 
duced by  the  reaction  of  excited  nitrogen 
with  oxygen  to  form  atomic  oxygen  and  ex- 
cited nitric  oxide.  A spectral  resolution  of 
0.013  micrometer  was  achieved. 

bands  have  been  determined.  Direct  si- 
multaneous measurement  of  each  vibra- 
tional level  shows  that  the  quenching  rate 
of  the  excited  nitric  oxide  by  oxygen  is 
directly  proportional  to  the  vibrational 
state  up  to  level  seven.  The  results  of 
these  find'ngs  concerning  the  quenching 
of  nitric  oxide  arc  important  in  predicting 
the  intensity  and  behavior  of  the  nitric 
oxide  infrared  signature  in  the  natural 
and  disturbed  atmosphere. 

In  a related  effort,  the  production  of 
excited  oxygen  which  gives  rise  to  emis- 
sion at  1 .9  I micrometers  has  been  ob- 
served to  be  much  stronger  than  predict- 
ed. The  radiation  from  this  particular 


state  of  oxygen  is  an  allowed  quadrupole 
transition  which  is  orders  of  magnitude 
smaller  than  either  allowed  electric  or 
magnetic  dipole  radiation.  Measurements 
of  this  emission  showed  that  at  higher 
oxygen  pressures,  the  excited  states  of 
oxygen  are  perturbed  by  forming  a com- 
plex molecule  having  relaxed  selection 
rules  or  alternately,  the  selection  rules  are 
relaxed  through  collision.  As  a result,  the 
radiation  is  increased  substantially  more 
in  a nitrogen  environment  than  in  pure 
oxygen.  The  degree  of  enhancement  over 
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The  emission  spectrum  of  carbon  monoxide, 
excited  by  collisions  with  vibrationally  hot 
nitrogen.  A spectra!  resolution  of  0.013 
micrometer  was  achieved. 

the  pure  quadrupole  emission  was  deter- 
mined by  referring  the  emission  at  1.91 
micrometers  to  the  infrared  atmospheric 
bands  of  oxygen  which  have  their  upper 
excited  state  in  common  with  that  of  the 
1.91  micrometer  emission.  Over  a pres- 
sure range  of  0.001  to  300  torr,  the  en- 
hanced radiation  follows  the  pattern  of 
radiation  from  two  molecules  colliding. 
The  rate  constant  for  enhancement  in 
nitrogen  has  been  determined.  This  type 
of  information  is  of  basic  importance  to 
the  understanding  of  molecule-molecule 
clustering  which  is  now  known  to  be  of 
significance  in  the  l)  region  of  the  atmos- 
phere. 

Preliminary  infrared  measurements 
have  been  performed  on  carbon  dioxide 
and  various  gas  mixtures  subjected  to 
electron  bombardment.  First  observations 
show  that  the  dominant  spectral  feature  is 
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The*  infrared  emission  spectra  of  electron  ir- 
radiated carbon  dioxide  gas  mixtures  at  2- 
wave number  resolution,  showing  the  high 
degree  of  vibrational  excitation  of  carbon 
monoxide  which  results  from  the  subsequent 
chemical  kinetic  processes. 


that  of  carbon  monoxide  which  exhibits 
excitation  of  the  17th  vibrational  level. 
Several  infrared  atmospheric  research 
problems  needing  further  investigation 
have  been  revealed  in  this  preliminary 
survey  and  appear  to  be  within  the  meas- 
urement capabilities  of  our  present  ap- 
paratus. T hese  types  of  data  will  allow 
questions  concerning  electron-ion  recom- 
bination rates,  vibrational  energy  ex- 
change rates  with  various  atmospheric 
species,  and  vibrational  population  dis- 
tributions via  specific  production  pro- 
cesses to  be  investigated. 

To  study  the  IR  emission  at  longer 
wavelengths  (5-25  micrometers)  and  low- 
er pressures,  simulation  is  accomplished 
using  a large  tank,  4'/a  feet  in  diameter 
and  15  feet  in  length.  At  these  wave- 
lengths, the  emission  by  the  room  sur- 
roundings is  larger  than  that  produced 
by  electron  excitation  of  the  experi- 
mental gases.  To  overcome  this  thermal 
background,  the  entire  internal  surface 
of  the  tank,  transfer  optics  and  IR  instru- 
mentation are  cooled  to  liquid  nitrogen 


temperatures.  With  this  added  tempera- 
ture control,  the  sensitivity  of  the  mea- 
surements are  effectively  increased  by 
one  thousand  or  more  and  measurements 
which  were  previously  impossible  arc- 
now  possible. 

Molecular  Beam  Studies:  T he  molecu- 
lar beam  facility  is  employed  to  investi- 
gate the  high  velocity  collisions  occurring 
at  high  altitudes  (above  300  km)  between 
plume  and  atmospheric  gaseous  species. 
The  beam  system  utilizes  isentropic  ex- 
pansion of  a gaseous  mixture  from  a 
heated  (approximately  1500  degrees  K) 
supersonic  nozzle  for  beam  formation,  a 
time  of  flight  molecular  beam  detector,  a 
gold-plated  chamber  where  target  plume 
species  interact  with  the  beam  particles, 
and  an  infrared  detection  system.  Beam 
intensities  of  5 x 1018  particles  per 
steradian  per  second  have  been  achieved 
with  velocities  ranging  from  1 km/second 
to  4 km/second.  The  target  species  can 
also  he  introduced  in  the  form  of  another 
counter- flowing  molecular  beam  to  a- 
chicve  higher  interaction  velocities  in  the 
relative  coordinate  system.  The  interac- 
tions studied  so  far  under  varying  exper- 
imental parameters  arc  excitation  of  car- 
bon dioxide  and  first  vibrational  level  of 
carbon  monoxide  under  impact  with 
high-velocity  molecular  oxygen,  ntolccu 
lar  nitrogen  and  argon  beams.  No  discern 
ible  emissions  from  these  plume  spo  u 
have  been  observed  indicating  verv  small 
cross  sections  for  excitation.  AnaK  os 
shown  that  background  photon  flu. 
tionsfrom  the  room  temperature  . 
chamber  arc  much  higher  than 
sought.  The  program  will  In  mu. 
in  a liquid  nitrogen-cooled  . . : ■ •> . 

her  which  is  expected  to  n.l  » 

ground  noise  to  tolerable  l>  • ... 

the  measurement  of  tin  - 
tions  achievable.  In  ihi'  nu« 
vibration-rotation  sp< . n 
vibrational  sequent . 
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excited  nitric  oxide  and  atomic  oxygen 
were  resolved  through  the  use  of  an  inter- 
ferometer-spectrometer with  a spectral 
resolution  of  approximately  15  wave- 
numbers.  The  steady-state  emission 
spectra  showed  features  due  to  mole- 
cular species  other  than  nitric  oxide 
which  emitted  in  the  spectral  region  of 
the  first  overtone  of  nitric  oxide.  It  was 
shown  experimentally  that  the  source  of 
these  spectral  contaminations  is  the 
nitrogen  dioxide  molecule  which  is  prob- 
ably formed  chemically  in  the  reaction 
cell,  undergoing  vibrational  exchange 
with  excited  nitrogen  molecules  flowing 
from  the  microwave  discharge  source. 
Infrared  signals  due  to  nitrogen  dioxide 
were  eliminated  by  quenching  of  the  ex- 
cited nitrogen  molecules  before  entry  into 


The  nitric  oxide  overtone  band  from  the 
reaction  in  which  excited  atomic  nitrogen 
reacts  with  molecular  oxygen  to  produce 
vibrationally  excited  nitric  oxide  and  atomic 
oxygen.  The  solid  curve  is  the  experimental 
result  and  the  dashed  curve  is  the  best  theoret- 
ical fit  to  the  experiment. 

the  reaction  chamber.  First  overtone 
bands  of  nitric  oxide  were  then  obtained 
over  the  oxygen  pressure  range  of  200 
to  600  millitorr.  The  resulting  spectra 
which  showed  emission  from  nitric  oxide 
in  the  second  through  seventh  vibrational 
levels  were  matched  to  numerically  gen- 
erated nitric  oxide  spectra.  Steady-state 
number  densities  for  nitric  oxide  in  these 
levels  were  obtained  and  were  used  to 


derive  partial  rate  constants  for  formation 
of  nitric  oxide  in  levels  2 through  7.  It 
was  shown  that  about  8 percent  of  the 
energy  released  in  reaction  of  atomic 
nitrogen  and  molecular  oxygen  goes  into 
vibrational  levels  2 through  7 of  nitric- 
oxide. 

EXCEDE:  EXCEDE  is  a Defense  Nuc- 
lear Agency /AFGL  program  using  rocket- 
borne  electron  accelerators  to  simulate 
atmospheric  processes  induced  by  the 
deposition  of  energetic  electrons  as  in 
auroras  and  high  altitude  nuclear  detona- 
tions. The  primary  scientific  interest  is 
the  investigation  of  the  detailed  produc- 
tion and  loss  processes  of  various  excited 
electronic  and  vibrational  states  resulting 
in  optical  and  infrared  emission  as  ener- 
getic primary  electrons  and  their  second- 
ary and  all  subsequent  generation  elec- 
trons are  stopped  in  the  atmosphere.  The 
EXCEDE  experiment  uses  pulsed  rocket- 
borne  electron  accelerators  with  well 
defined  excitation  conditions  of  electron 
energy  and  power,  deposition  volume, 
deposition  altitude  and  dosing  duration 
to  provide  measurements  of  time-depen- 
dent  optical  and  infrared  emissions  which 
are  interpreted  in  terms  of  chemical  pro- 
cesses, reaction  rates  and  photon  yields. 
These  data  are  utilized  in  various  com- 
puter codes  such  as  OPTIR  and  ROS- 
COE  to  calculate  optical/infrared  back- 
grounds for  auroral  and  nuclear  disturb- 
ed atmospheres.  The  codes  assess  the 
effects  of  enhanced  atmospheric  back- 
grounds on  optical  and  infrared  systems. 

The  initial  rocket  in  the  EXCEDE  pro- 
gram, launched  October  17,  1974,  from 
White  Sands  Missile  Range,  was  desig- 
nated PRECEDE  and  carried  a 2 kW  (2.5 
kV,  0.8  amp)  electron  accelerator.  The 
electron  source,  square  wave  modulated 
at  0.5  Hz,  was  initiated  at  95  km  on  pay- 
load  ascent  and  continued  through  apogee 
( 1 20  km)  to  a descent  altitude  of  approxi- 
mately 80  km,  operating  for  an  interval 
of  180  seconds.  On-board  measurements 
included  monitors  of  electron  beam  volt- 


Low  light  television  image  of  the  optical 
radiation  induced  in  the  night  atmospherr  by 
the  EXCEDE  rocket-borne  electron  accelera- 
tor. The  camera  was  located  on  a radar  con- 
trolled ground-based  tracking  mount  and 
integrated  several  seconds  of  observation  to 
produce  this  image. 

age  and  current  and  a retarding  potential 
analyzer  to  determine  particle  flux  and 
vehicle  potential.  Ground-based  optical 
systems  using  radar-controlled  tracking 
mounts  provided  photometric  and  spcc- 
trographic  measurements  and  photo- 
graphic and  television  images  of  the  elec- 
tron-induced atmospheric  emissions.  The 
initial  launch  confirmed  pre-flight  esti- 
mates of  low  vehicle  potentials  (less  than 
120  volts  positive)  for  an  electron-emit- 
ting payload  in  this  altitude  range  and 
provided  excellent  data  on  the  altitude 
dependent  radiance  of  numerous  optical 
and  near  infrared  emissions  including  the 
Nj  first  negative  and  Mcinel  systems,  Nj 
first  positive  system  and  O('S)  emission. 
These  data  have  been  analyzed  in  terms 
of  production  and  loss  processes  includ- 
ing the  effects  of  collisional  deactivation. 
In  two  subsequent  rocket  launches 
(EXCEDE  II  Test  and  EXCEDE:  SWIR) 
rocket-based  instrumentation  was  in- 
creased substantially  and  included  cryo- 
genic infrared  radiometers,  photometers 
and  a positive  ion  mass  spectrometer. 
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Spectra  of  the  atmospheric  emissions  induced 
by  the  EXCEDE  rocket-borne  electron  accel- 
erator recorded  by  a ground-based  image 
intensified  spectrograph. 

The  EXCEDE:  SWIR  rocket-borne 
electron  accelerator  experiment  was 
launched  from  Poker  Flat,  Alaska,  on 
February  28,  1976  into  a quiet  night 
atmosphere.  A Sergeant  rocket  engine 
carried  the  32-inch  diameter,  1700-pound 
payload  to  an  apogee  of  99  km  providing 
a total  experiment  time  of  approximately 
100  seconds.  Atmospheric  emissions  in- 
duced by  the  pulsed  electron  beam  were 
readily  recorded  by  rocket-based  photom- 
eters and  liquid  nitrogen-cooled  radio- 
meters as  well  as  by  ground-based  televi- 
sion and  telephotometer  instruments. 
Payload  instrumentation  functioned  as 
designed  including  the  3 kW  electron 
accelerator,  22  photometers,  10  liquid 
nitrogen -coo  led  radiometer  data  channels 
and  a positive  ion  mass  spectrometer. 
Emissions  of  nitric  oxide  at  2.7  and  5.4 
micrometers  and  NO+  at  2.2  and  4.3 
micrometers  were  measured  as  well  as  a 
number  of  visible  emissions  considered 
important  precursor  species  to  the  in- 
frared chemiluminescent  mechanisms. 
Data  were  obtained  over  the  altitude 
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range  of  75  to  98  km.  Preliminary  analysis 
of  the  data  indicates  a large  fraction  (25 
percent  or  more)  of  the  deposited  elec- 
tron energy  is  emitted  as  infrared  radia- 
tion in  the  wavelength  range  2.5  to  6 
micrometers.  The  complete  data  analysis 
will  attempt  to  infer  infrared  production 
processes,  reaction  rates  and  photon 
yields.  Ground-based  support,  two  low- 
light  television  systems  and  a two-color 
(5577  and  3914  angstroms)  telephoto- 
meter recorded  excellent  data. 

Theoretical  Program:  During  the  past 
few  years,  the  application  of  molecular 
quantum  mechanics  to  reaction  and  radi- 
ative processes  of  atmospheric  species 
has  reached  its  highest  level  of  sophistica- 
tion and  accuracy.  Ab  initio  molecular 
calculations  are  now  capable  of  produc- 
ing highly  accurate  wavefunctions,  poten- 
tial energy  surfaces  and  other  associated 
properties  of  small  molecules.  This  new 
state-of-the-art  technology  in  computa- 
tional quantum  mechanics  has  found 
widespread  application  to  atmospheric 
processes,  where  a limited  data  base  of 
important  parameters  characterizing 
chemical  reactions  and  absorption  and 
emission  of  radiation  has  been  a severe 
handicap  to  the  successful  interpretation 
of  both  field  and  laboratory-simulated 
atmospheric  data  and  also  to  the  devel- 
opment of  accurate  atmospheric  models. 

Recently,  the  major  emphasis  of  the 
molecular  computational  effort  at  AFGL 
has  been  concentrated  on  accurate  calcu- 
lation of  the  absolute  transition  prob- 
abilities and  line  positions  of  infrared 
vibration-rotation  intensities  for  selected 
diatomic  molecules.  During  this  reporting 
period,  a very  accurate  theoretical  treat- 
ment of  the  high  vibration-rotation  transi- 
tions in  the  ground  state  of  nitric  oxide 
has  been  accomplished.  The  overtone 
transitions  of  this  molecule  occur  around 
2.8  micrometers  and  have  been  observed 
in  auroras  resulting  from  the  chemilu- 
minescent reaction  of  excited  nitrogen 
atoms  with  ground  state  oxygen  mole- 


cules. Complete  characterization  of  the 
radiation  levels  resulting  from  this  reac- 
tion requires  the  absolute  intensities  of 
the  entire  vibration-rotation  manifold 
and  these  were  unavailable  from  experi- 
ments for  the  higher  vibration  levels. 


Calculated  Electronic  Dipole  Moment  Func- 
tion of  nitric  oxide  spanning  inter-nuclear 
separations  consistent  with  vibration  levels  up 
to  the  twenty-fifth. 


Theoretically,  the  calculation  of  these 
quantities  requires  an  accurate  electronic 
dipole  moment  function  and  accurate 
vibration-rotation  wavefunctions.  The 
electronic  dipole  moment  function  for 
nitric  oxide  was  obtained  from  a multi- 
configuration self-consistent  field  analy- 
sis. During  the  calculations,  a completely 
new  set  of  electronic  configurations  re- 
lating to  the  united  atom  limit  of  diato- 
mic molecules  was  found  to  be  absolute- 
ly essential  for  an  accurate  representation 
of  the  dipole  moment  function.  A com- 
plete theory  of  the  vibration-rotation 
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interaction  in  nitric  oxide  was  then  devel- 
oped and  calculation  of  the  individual 
multiplet-rotation-vibration  line  positions 
and  intensities  obtained  taking  full  and 
accurate  account  of  spin-orbit  coupling, 
vibration-rotation  coupling  and  spin  un- 
coupling. The  analysis  spans  vibration 
states  up  to  the  25th  and  total  angular 
momentum  states  up  to  the  36th  rotation 
state  for  each  vibrational  state. 

In  addition  to  this  large  computational 
effort  on  nitric  oxide,  methodology  and 
computational  tools  for  obtaining  semi- 
quantitative  wavefunctions  and  proper- 
ties for  triatomic  and  larger  molecules 
have  been  developed.  The  major  problem 
in  such  calculations  has  been  the  evalua- 
tion of  the  many  multi-center  integrals 
which  arise  when  more  than  two  atoms 
are  considered  in  a system.  During  the 
past  year,  a method  and  the  associated 
computational  software  has  been  imple- 
mented at  AFGL  which  reduces  the  time 
associated  with  obtaining  polyatomic 
wavefunctions  by  over  two  orders  of 
magnitude.  This  capability  now  allows 
systems  which  were  previously  out  of 
the  reach  of  computational  quantum 
mechanics  to  be  treated  at  a reasonable 
level  of  accuracy  and  economy. 
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Highly  Selective  Excitation  of  Atoms  and  Molecules 
Using  Two  Photon  Processes 
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Smith,  D.  R.and  Loewenstein  E.  V. 
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Precision  and  Accuracy  of  Sun  Photometry  - A Reply 
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Eruption  in  Alaska 
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PAPERS  PRESENTED  AT  MEETINGS 
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CllUNC,  S.  (Univ.  of  Wis.),  and  LEE,  E.  T.  P. 
Dissociation  of  the  Hydrogen  Molecule  by  Electron 
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Rogers,  J.  W.,  Hart,  A.  M. 

Near  Infrared  Nuclear  Spectra  Interpretation  by  Recent 
Laboratory  Results 

Del.  Adv.  Res.  Projects  Agcy.,  *th  Strat.  Space 
Symp.,  Monterey,  Calif.  (23  September  1975) 
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Appendix  A 

AFGL  PROJECTS  BY  PROGRAM  ELEMENT 


Program  Projact  Number,  Titla  and  Agancy 

E lament 

61 1 0 1 F ILIR  Laboratory  Director’s  Fund 

6 1 1 02F  DEFENSE  RESEARCH  SCIENCES 
2303G1  Ion  Chemistry 
2303G2  Plume-Atmosphere  Interactions 
2309G 1 Earth  Sciences  and  Technologies 
23 1 OG 1 Infrared  and  Optical  Techniques 
2310G2  Meteorological  Research 
23 1 0G3  Upper  Atmosphere  Composition 
2310G4  Infrared  Non-Equilibrium 
Radiative  Mechanisms 
231 1G1  Energetic  Particle  Environment 
23 1 1G2  Electrical  Structure  of  Aerospace 
231 1G3  Solar  Environmental  Research 


62 1 0 1 F ENVIRONMENT 

4643  Aerospace  Radio  Propagation 

6665  Balloon  Technology 

6670  Atmospheric  Sensing  Techniques 

6672  Weather  Radar  Techniques 

6687  Stratospheric  Environment 

6688  Ultraviolet  Radiations 

6690  Atmospheric  Density  and  Structure 

6698  Meteorological  Satellite  Technology 

7600  Geodesy  for  Naviguidance 

7601  Magnetospheric  Effects  on  Space 

Systems 

7605  Weather  Modification 

7621  Atmospheric  Optics 

7628  Geophysical  and  Geokinctic  Effects 

7659  Aerospace  Research  Instrumentation 

766 1 Spacecraft  Charging 

7663  Ionospheric  Dynamics  and  Propaga- 

tion 

7670  IR  Properties  of  the  Environment 

8624  Variability  of  Meteorological 

Elements 

8628  Terminal  Weather  Forecasting 
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In  addition  to  the  above  continuing  Air  Force  funded  projects, 
AFGL  participates  in  joint  programs  supported  by  the  following 
agencies: 

1)  U.  S.  Air  Force: 

Air  Weather  Service 

Electronic  Systems  Division 

Space  and  Missile  Systems  Organization 

2)  Advanced  Research  Projects  Agency 

3)  Defense  Mapping  Agency 

4)  Defense  Nuclear  Agency 

5)  National  Security  Agency 
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